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1. PURPOSE 

1.1 This appendix describes the general contents of the plans 
that will be developed for monitoring construction, operation, 
maintenance, closure, and post-closure care of the proposed 
Confined Disposal Facility (CDF) and Parcels I, IIA, and IIB of 
the ECI facility at Indiana Harbor (hereafter shall be referred 
to as the "proposed project1'). 
appendix, the term I1owner/operatort1 (ow/op) has the potential of 
being the Chicago District, U . S .  Army Corps of Engineers (USACE), 
the City of East Chicago, Commission, and possibly other parties 
that may be involved in the ownership of the property or the 
operation of the proposed project. 
operation, maintenance, and monitoring programs described apply 
to the dredging and disposal plan recommended in this Letter 
Report and Environmental Impact Statement. The plans described 
in this appendix are intended to outline the actions proposed. 
Details will be developed during the design phase(s). 

For the purposes of this 

These construction, 

1.2 The bottom sediments in Indiana Harbor and Canal are 
polluted with heavy metals and organics. As a result, dredged 
materials will be disposed to a confined disposal facility. 
characteristics of these sediments have been discussed in 
Appendix E, Sediment Quality. The recommended dredging methods 
and water quality impacts of dredging have been described in 
Appendix H, Dredging Technologies and Impact. The design 
features of the proposed CDF are described in the Comprehensive 
Management Plan and the draft Environmental Impact Statement. 
The water quality impacts of the operation of the proposed CDF 
and the environmental controls have been described in Appendix F, 
Environmental Engineering. 

The 

1.3 GENERAL GOALS OF THE PLANS 

1.3.1 The construction, operation, monitoring, maintenance, 
closure, and post-closure care of the proposed project will be 
performed for several purposes, including: 

To assure compliance with RCRA closure/corrective action a. 
and TSCA requirements for containment, operation, closure and 
post-closure care of the CDF and the underlying portions of 
the ECI facility. 

To assure that completion of all activities associated 
with the proposed project is in accordance with the Corps' 
plans and specifications, and compliance with all applicable 
Federal, State, and local requirements, including RCRA 
closure/corrective action .and TSCA permitting. 

dredging or disposal do not occur or are minimized, to the 
extent practicable. And, to prevent releases of contaminants 
from the areas that underlie the proposed project. 

b. 

c. To assure that any adverse impacts of construction, 



d. To assure compliance with pretreatment requirements of 
the East Chicago Sanitary District for all water discharged to 
the sanitary sewers associated with the proposed project. 

proposed project are maintained, and in compliance with all 
applicable Federal, State, and local standards. 

f. To provide information which will enable the ow/op to 
identify changing conditions and/or alter CDF operations to 
enhance the overall effectiveness of the facility. 

g. To ensure the safety of workers, and protection against 
any adverse environmental impacts associated with the proposed 
project .) 

e. To assure that the integrity and performance of the 

1 . 3 . 2  
will be the responsibility of the ow/op and will be executed by 
the ow/op and its contractors. 
described in this appendix will be made as site conditions, 
operations, and design modification(s) warrant. Changes to the 
plans will be coordinated with the following agencies, according 
to the applicable regulatory requirements of the Resource 
Conservation and Recovery Act (RCRA), the Toxic Substances 
Control Act (TSCA), the Clean Air Act, the Clean Water Act, and, 
as appropriate: 

The implementation of the various plans described here 

Modifications to any of the plans 

U.S. Environmental Protection Agency, Region 5 
Indiana Department of Environmental Management 
East Chicago Sanitary District 

Reports of monitoring results will be submitted to the above 
agencies as required. 
other Federal, state, and local agencies for information upon 
request. 

These reports will also be submitted to 

2. RCRA CLOSURE/POST-CLOSURE PLANS 

2.1 
Department of Environmental Management ( IDEM)  addressing the 
closure and post-closure care of the RCRA hazardous waste units 
that were located on Parcel I. The ow/op would comply with the 
applicable closure regulations of 40 CFR Part 265 Subpart G, for 
closure and post-closure care as a landfill, since hazardous 
wastes or residues remain at the facility, and the requirements 
of 40 CFR Part 265 Subpart F for ground water monitoring. The 
closure and post-closure plan shall be reviewed and approved by 
IDEM, since the State is authorized for this portion of RCRA. 
The closure plan is subject to the public participation 
requirements of 40 CFR Part 124, which includes a public notice 
and public comment period, prior to final approval of the plan. 
Once the closure plan is approved, the ow/op would perform 
closure according to the approved plan. Once the plan is 
implemented, the ow/op would certify that closure is complete, 

The ow/op shall submit a RCRA Closure Plan to the Indiana 
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and provide for post-closure care according to the approved plan. 
The ow/op would also submit a post-closure permit application and 
obtain a post-closure permit addressing 40 CFR Part 264, 268, 
270, 124, and any other applicable RCRA requirements for the 
proposed project, in the future, 

2.2 The United States Environmental Protection Agency (USEPA) is 
responsible for the implementation of corrective action at this 
time. Due to the unique circumstances of this site, and to 
provide the most environmental protection possible, the USEPA 
shall review and approve the voluntary corrective actions for the 
CDF portions of the property, in conjunction with the RCRA 
closure plan. The corrective action components associated with 
the proposed project include the cap; run-on controls; the slurry 
wall; ground water gradient control system; ground water level 
monitoring; and the wastewater pre-treatment system, if needed. 
These corrective action activities shall be addressed as a part 
of the RCRA closure plan and post-closure plan, and shall meet 
the standards of 40 CFR Part 264. The approved corrective action 
activities for the proposed project shall be incorporated into 
the future post-closure permit application and permit. The other 
portions of the ECI property shall be addressed at the time of 
the post-closure permit application and implemented through the 
post-closure permit. 

2.3 CONTENTS OF THE CLOSURE PLAN AND POST-CLOSURE PLAN 

2.3.1 The ow/op shall describe and submit as much information as 
possible in the closure plan, concerning the removal of 
structures, decontamination, sampling and analysis, temporary 
capping, etc. that has been done by the previous ow/op(s) prior 
to implementation of the proposed project, if available. The 
closure plan also will describe in detail all the aspects of 
construction, maintenance, and monitoring of the cap, slurry 
wall, ground water gradient control system, the pre-treatment 
system, and any other equipment and structures associated with 
the closure aspects of the facility. The closure/corrective 
action and post-closure plans for the proposed project shall 
include, but not be limited to the following: 

General Facility Information 
Facility History 
Description of RCRA Activities 
Nature of Contamination Existing at the Site 
Closure Design Proposal 
Maintenance and Monitoring 
Implementation Procedures 

N-3 



3. CONSTRUCTION PLANS 

3.1 
under contract to the ow/op. 
CDF disposal cells, slurry wall, pre-treatment facilities, 
rehandling area, and ground water extraction wells in strict 
accordance with the plans and specifications prepared by the 
ow/op, and approved by the appropriate agencies. 
be required to obtain a TSCA permit for the TSCA subcell and a 
RCRA closure/post-closure plan and eventually a post-closure 
permit, addressing the corrective action requirements for the 
facility. As part of its monitoring of the project, the ow/op 
will require documentation by the contractor on all aspects of 
construction. 

The proposed CDF will be constructed by a contractor working 
The contractor will construct the 

The ow/op will 

3.2 CONTENTS OF THE CONSTRUCTION PLANS 

3.2.1 Prior to th’e proposed construction, the ow/op will prepare 
Construction Plans addressing: 

a. The RCRA closure cap for Parcel I; 
b. The slurry wall and ground water extraction system for 

Parcels I, IIA, and IIB; 
c. The pre-treatment units for collected ground water and 

water drained from dredged material in the CDF; 
d. A rehandling area for transfer of dredged material from 

barges to the trucks, or other waste management 
transportation equipment (conveyors, pipelines); and 

e. The CDF disposal cells (including dikes, liners, run-on 
controls, and a cap). 

3.2.2 The Construction Plans shall include, but not be limited 
to: engineering drawings, descriptions of the activities and 
performance standards; a Construction Quality Assurance Plan .(CQA 
Plan); a Health and Safety Plan; a Contingency Plan and an 
Environmental Protection Plan. 

3.2.3 The detailed engineering drawings and detailed 
descriptions of the construction of the facility structures shall 
provide information regarding the materials and methods to be 
used in construction, sources/vendors, and the applicable 
performance standards that the designs and operations will meet. 
Any variance in materials or methods of construction would be 
approved by the ow/op, and other Federal, state, and local 
agencies as applicable. 

3.3 CONSTRUCTION QUALITY ASSURANCE PLANS 

3.3.1 
(CQA Plan) that identifies the level of inspection and testing 
necessary to construct or install a RCRA cap, slurry wall, ground 

The ow/op prepares a Construction Quality Assurance Plan 
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water extraction wells, pre-treatment units, the rehandling area, 
and the CDF disposal cell specifications used in the designs. 

3.3.2 
meet or exceed all design criteria and specifications in the RCRA 
closure and post-closure plans and the TSCA permit. 
would be developed and implemented under the direction of a CQA 
officer who is a registered professional engineer. 

The CQA program would ensure that the constructed units 

The program 

3.3.3 Components addressed in the CQA Program 

3.3.3.1 
Plan. 
monitor and document the quality of materials and the condition 
and manner of their installation. 

The ow/op shall develop and implement a written CQA 
The CQA Plan would identify steps that will be used to 

3.3.3.2 The CQA Plan involves inspecting, monitoring, and 
sampling and testing to ensure that construction materials and 
methods meet applicable standards, and are compatible with the 
dredged material. 
quality assurance plan prepared by the ow/op, and any applicable 
regulatory requirements. During construction, the contractor 
prepares daily quality control reports which are verified by 
on-site ow/op personnel. 

3.3.3.3 
CQA program for installation: 

This plan would meet the criteria in the 

The following components of the project would require a 

a. The CDF disposal cells (including the foundation; 

b. Run-on controls; 
c. Final covers; 
d. The slurry wall (possibly including materials; slurry; 

geomembranes; and backfill mixing facilities); 
e. The rehandling area; 
f. The wastewater/ground water pretreatment facility 

(including tanks, filters, etc.) . 

dikes; and low-permeability soils); 

3.3.3.4 
officer that the approved CQA plan has been successfully carried 
out and that the units meet the requirements of the RCRA closure 
and post-closure plans and the TSCA permit. 
and supporting documentation would be made available to the 
appropriate agencies. 

A certification package would be completed by the CQA 

The certification 

3.4 OTHER PLANS FOR CONSTRUCTION 

3.4.1 a Health and 
Safety Plan; a Contingency Plan; and an Environmental Protection 
Plan, specific to construction activities. 

The ow/op would also prepare the following: 
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4 .  OPERATIONU PLANS 

4.1 The operation of the constructed CDF, and the containment 
and collection systems, involves a number of separate, but 
coordinated functions. These include dredging, rehandling, 
dewatering, ground water gradient control system, and collection 
and treatment, as needed, of wastewaters. Dredging is not a 
continuous process, but is conducted in separate operations, each 
lasting about 3-4 months. These activities are conducted by.a 
private contractor or by one or more subcontractors. 

4.2 MONITORING OF DREDGING 

4.2.1 It is proposed that the maintenance dredging of the 
Indiana Harbor and Canal be performed by a mechanical dredge 
using  a closed-bucket clamshell. This method will be used in 
order to minimize turbidity from the resuspension of sediments to 
the water column, and to minimize spillage of dredged material. 

4.2.2 Plans 

4.2-2.1 All dredging will be conducted in strict accordance with 
the plans and specifications prepared by the Corps, and as 
approved by appropriate agencies. All contractors will be 
required to prepare plans for quality control, health and safety, 
contingencies, and environmental protection as described in this 
appendix. Corps inspectors will provide routine oversight of the 
dredging or disposal activities. 

4.2.2.2 A CQA Plan associated with the dredging operation shall 
identify the procedures of dredging, equipment used and quality 
assurance of the equipment, and quality assurance aspects for the 
dredging itself to ensure that procedures are followed properly. 

4 .2 .3  Equipment and Operat ion 

4.2.3.1 The type of equipment to be used and the general method 
of dredging are described in Appendix H, Dredging Technologies 
and Impacts. Attempts will be made to minimize spillage during 
the dredging and rehandling operations. The volume of dredged 
material placed in the transport barge or scow shall not exceed 
its capacity to hold the material without overflowing or spilling 
while either in motion or at rest. 

4.2.3.2 The skill of a dredge operator can have as much effect 
on reducing resuspension and turbidity as the type of dredge 
used. Certain practices, such as dropping the dredge bucket 
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I1free-fall1', dragging the bucket on the 
bucket too high over the barge will not 

bottom, and 
be allowed. 

opening the 

4.2.4 Surface Water Monitoring During Dredging 

4.2.4.1 
operation upon the surface water in the vicinity of the dredge. 
This plan shall include monitoring parameters, location, and 
frequency. If the performance goals established in the plans are 
not met, the contractor will be required to modify the operation. 

4.2.4.2 During the dredging operation, two fixed stations will 
be monitored along with stations around the dredge. 
stations will be at the upstream limit of the navigation channel 
(141st Street at the Calumet Branch) and in the approach channel 
(see figure N-1). 
would be located 200 feet upstream and 200 and 500 feet 
downstream of the dredge. 
the dredge. 

The ow/op shall monitor the impact of the dredging 

The fixed 

The other three stations around the dredge 

These latter stations will move with 

4 .2 .5  Control of Oil 

4.2.5.1 If determined to be necessary, an oil boom of a type 
approved by the U . S .  Coast Guard shall be deployed around the 
dredge in such a manner as to control any floating oils generated 
as a result of the dredging operation. Sorbants will be used to 
collect the oil contained by the oil boom. 

4.2.5.2 The sorbant materials will be collected as they become 
saturated with oil. All oil-saturated sorbant materials shall be 
collected, stored, and disposed of in accordance with appropriate 
Federal and State regulations. 

4.3 REHANDLING OF DREDGED MATERIAL 

4.3.1 
barges to the CDF. 
area at the ECI property along the Lake George Branch of the 
Canal. The sediments will be transferred by truck, possibly some 
type of conveyor system, or a combination of pipeline and truck. 

Rehandling is the transfer of dredged materials from the 
Barges will be unloaded from a rehandling 

4.3.2 Materials Rehandling Area 

4.3.2.1 If dredged materials are transported by truck, the 
barges will likely be unloaded with a small crane and bucket. 
The contractor will be required to provide any appropriate 
safeguards to prevent leakage or spillage into the canal or the 
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rehandling area, and the on-site truck or transportation route. 
The rehandling area shall be designed in a matter to prevent run- 
on and run-off, containment of any spilled materials, and the 
prevention of any trackout. 

4.3.3. Plans for Rehandling 

4.3.3.1 All contractors will be required to prepare plans for 
construction, quality control, health and safety, inspections, 
contingencies, and environmental protection. 

4.3.4 Right-of-way 

4.3.4.1 If needed, a right-of-way (ROW) will be provided to the 
contractor to allow transfer of equipment and dredgings to the 
CDF. The contractor will be required to maintain the rehandling 
operation within this ROW and thereby restrict the movement of 
dredgings along a single route. 

4.4 OTHER PLANS FOR OPERATIONAL ACTIVITIES 

”- 4.4.1 The ow/op would also prepare the following: a Health and 
Safety Plan; a Contingency Plan; and an Environmental Protection 
Plan, that addresses operational activities. .. . 

4.5 AIR MONITORING PROGRAM FOR OPERATIONAL ACTIVITIES 

4.5.1 
protection of workers on-site; protection of the environment; and 

An air monitoring program will be developed to insure the 

the evaluation and mitigation of off-site releases. 
determination of contaminants of concern, based on analysis of 
the dredged material will be completed in the design phase. This 

A 

plan will define the monitoring parameters, locations, and 
frequency. 
approved by the appropriate agencies. 

The contents of this program shall be submitted and 

4.6 EFFLUENT MONITORING 

4.6.1 Effluent will consist of water collected from surface run- 
on and collected effluent from the gradient control systems. The 
run-on and effluent sources are variable over time, and the 
ground water collection systems will be maintained and operated 
during the operating life and the post-closure care period. 

4.6.2 The surface run-on will be collected in sumps within the 
CDF disposal unit and contained until a sufficient amount is 
collected to discharge to the wastewater treatment plant. 
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4 . 6 . 3  Gradient control system pumping will occur when the water 
elevation difference between the inside and outside of the slurry 
wall is less than 1-2 feet, or as designated under the approved 
RCRA Closure Plan. Subsurface pumping to control the ground 
water gradient would be initiated before disposal operations 
commence to create an inward gradient into the subsurface of the 
proposed project. 
perimeter of Parcels I, IIA, and IIB would continue throughout 
the operation and post-closure period. 

The inward gradient control around the 

4.6.4 If required, the effluent will be pretreated prior to 
discharge to the East Chicago Sanitary sewer. 
will determine if pretreatment is required to meet the 
pretreatment standards of the City of East Chicago. 

Design analysis 

4.6 .5  Water pumped from the proposed project (influent to 
pretreatment facility) will be monitored according to the 
requirements of any pretreatment permits that may be issued by 
the City of East Chicago's wastewater treatment plant. 

4.6.6 If pretreatment is required, solids from pretreatment of 
the effluent will be placed into the CDF if below the regulatory 
limits of TCLP. Material which is RCRA or TSCA-regulated will be 
managed according to applicable regulations. 

5. MAINTENANCE PLANS 

5.1 
and after each dredging and disposal operation. However, 
effluent gradient control system monitoring will occur on a 
continuous basis as required. 
will last about three to four months, and as detailed in 
Appendix H, dredging operations may occur every year or once 
every several years. At all other times, the proposed project 
will still require maintenance and monitoring. 

5.2 Maintenance of the proposed project includes a number of 
activities, such as inspections of proposed project components, 
ground water gradient monitoring, management of vegetation and 
wildlife, and maintaining site security. These activities will 
be performed by the ow/op and its contractors on a periodic or 
continuous basis, and in conjunction with any RCRA, TSCA or Clean 
Water Act permits or plans, that may be required. Although the 
detailed schedule for these activities has not been established, 
the frequency will be greater during the active life of the 
proposed project and less frequent during the post-closure care 
period. 
plans and the TSCA permit shall designate some of these 
frequencies. 

The operation monitoring described above will occur during 

An individual dredging operation 

The RCRA closure/corrective action and post-closure 
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5.3 MAINTENANCE INSPECTIONS 

5.3.1 All inspection requirements shall be described in detail 
in the RCRA closure/corrective action and post-closure plans and 
the TSCA permit, and shall be approved by the USEPA and IDEM. 
Inspection areas shall include the gradient control system, the 
pretreatment facility (if needed), the CDF disposal unit, the 
rehandling area, and the RCRA cap for Parcel I. 

5.4 GROUND WATER MONITORING OF THE GRADIENT CONTROL SYSTEM 

5.4.1 Potential Impacts on Ground Water 

5.4.1.1 The proposed CDF resides on the site of a former 
petroleum refinery in a heavily industrialized area. The ground 
water flow may be influenced by ground water pumping (extraction) 
at adjacent industries; infiltration to local sewers; and by the 
Lake George Branch of the Canal. The soil and ground water at 
the site are believed to be contaminated with petroleum products 
and metals. These conditions may result in high background 
concentrations for a number of constituents, and limit the 
ability to detect ground water impacts from the proposed project. 
For this reason, ground water gradient monitoring shall be 

monitoring of the extraction systems to make sure that the 
systems do not fail; and the creation of contingency programs in 
case a failure should occur, in order to protect the environment. 

i performed to ensure that an inward gradient is established; 

5.4.2 Ground Water Monitoring Plan for the Gradient Control 
System 

5.4.2.1 A monitoring plan for the gradient control system shall 
be incorporated into the RCRA closure/corrective action and post- 
closure plans and the eventual RCRA post-closure permit and TSCA 
permit. 
containment and gradient control systems. Ground water gradient 
monitoring will be conducted at the proposed project, in order to 
assure that an inward gradient is maintained into the subsurface 
of the proposed project. 

The monitoring program shall address the ground water 

5.4.2.2 The monitoring plan shall incorporate ground water 
extraction wells (to collect ground water) and piezometers (to 
monitor ground water gradients). Extraction wells for the 
proposed project shall be installed within the perimeter of the 
slurry wall around Parcels I, IIA and IIB. The piezometer System 
shall be installed on both sides of the slurry wall. The 
materials, design, and locations of the extraction wells and the 
piezometers shall be incorporated into the RCRA closure plan. 
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5.5 VEGETATION AND WILDLIFE MANAGEMENT 

5.5.1 The dredged material and vegetation at the site has the 
Dotential to become an attractive habitat for wildlife. Plans 
kill be developed to biologically monitor the site and provide 
activities to reduce, minimize, o r  eliminate impacts to wildlife. 

5.6 SITE SECURITY 

5.6.1 Site security measures will be required to prevent the 
unknowing entry, and minimize the possibility for the 
unauthorized entry, of persons onto the facility at any time. 
The proposed project will be completely surrounded by a chain 
link fence. There will be a means to control entry, at all 
times, through gates or other entrances to the active portion of 
the facility, Warning signs instructing unauthorized personnel 
to keep out would be posted at each entrance and at other 
locations in sufficient numbers to be seen from any approach to 
the active portion of the facility. Only ow/op personnel and 
authorized visitors would be given access to the site. The ow/op 
shall report to the appropriate agencies of any violators 
intruding the facility, and an evaluation shall be made to 
determine if any changes in security are necessary. 

5.6.2 A detailed security and inspection program shall be 
contained in the RCRA closure/corrective action and post-closure 
plans. 

6. ENVIRONMENTAL MONITORING PLAN 

6.1 In the Environmental Protection Plan, the ow/op would 
document how all applicable Federal, state, and local 
environmental laws and regulations will be followed. The plan 
would describe ways in which to safeguard the environment from 
damage or potential impacts resulting from construction, 
operational, and maintenance activities. This plan shall be 
submitted with the RCRA closure/corrective action and post- 
closure plans and the TSCA permit application. 

7.0 HEALTH AND SAFETY PLANS 

7.1 HEALTH AND SAFETY DURING CONSTRUCTION 

7.1.1 The contractor would prepare a Health and Safety Plan 
which details methods designed to reduce and ameliorate accidents 
which could occur during construction. This plan consists of t w o  
components. The administrative safety plan identifies personnel 
responsible for assuring on-site safety precautions are 
implemented. A hazard analysis is also performed on site 
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conditions which represent a safety hazard and ways to avoid 
accidents. The Health and Safety Plan shall also address medical 
emergency responses procedures, and potential exposure to 
contaminants from any on-site source. Accident prevention 
measures must meet or exceed the requirements of the Corps 
Engineer Manual EM 385-1-1 Safety and Health Requirements, and 
any other Federal, state and local requirements (e.g. OSHA). 

7.1.2 An air monitoring program will be developed to insure the 
protection of workers on-site. An evaluation of contaminants of 
concern will be completed in the design phase. This evaluation 
will determine what type of sampling and which parameters would 
require monitoring. The air monitoring program shall describe 
the monitoring locations, parameters, frequency, data evaluation, 
and contingency plans. 

7.2 PREPAREDNESS AND PREVENTION 

7.2.1 The facility would be designed, constructed, maintained, 
and operated to minimize the possibility of a fire, explosion, or 
any other unplanned sudden or non-sudden release of hazardous 
waste constituents to the air, soil, or surface water which could 
threaten human health or the environment. A plan addressing 
preparedness prevention will be submitted with the RCRA 
closure/corrective action plan. 

8. INSPECTION AND CONTINGENCY PLANS 

8.1 GENERAL INSPECTION REQUIREMENTS 

8.1.1 An Inspection Plan shall be created and incorporated into 
the RCRA closure/corrective action plan and TSCA permit. 
U.S. EPA and I D E M  may perform inspections at any time during the 
construction, operation, closure, and post-closure of the 
proposed project to assure that RCRA closure and corrective 
action and TSCA permitting requirements are being complied with. 

8.1.2 
for malfunctions and deterioration, operator errors, and 
discharges which may be causing - or may lead to - a release of 
hazardous waste constituents to the environment, or a threat to 
human health. 

The 

The ow/op or its representative shall inspect the facility 

8.2 CONSTRUCTION INSPECTIONS 

8.2.1 
construction and dredging, operating from a temporary field 
office. These inspectors report directly to administrative staff 
at the District. Any changes in construction methods or 
materials are first reviewed by District engineers and 

Inspectors from the Corps are present on-site during . 
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environmental staff, and the appropriate regulatory agencies =e 
contacted if necessary. 

8.3 REHANDLING INSPECTIONS 

8.3.1 Appropriate safeguards shall be employed to prevent the 
spillage of dredged material during the rehandling operations. 
If the dredgings are transported via a pipeline or conveyor 
system, the Corps will inspect the integrity of the pipeline or 
conveyor system prior to disposal. 
leaks at the trucks, pipeline, or conveyor system will be 
conducted during disposal operation. 

Daily inspections for any 

8.4 DREDGING INSPECTIONS 

8.4.1 Equipment Inspections 

8.4.1.1 
the dredgings will be inspected by the Corps prior to the start 
of work to assure that they meet the requirements of the approved 
plans and specifications, and inspected periodically during 
dredging. All barges/scows must be watertight. Overfilling of 
barges will not be allowed. 
equipment, a contingency plan shall be implemented to correct any 
environmental releases, and correct the equipment problems. 

Dredging equipment and barges/scows used to transport 

If problems arise with the 

8.5 CONTINGENCY PLAN AND EMERGENCY PROCEDURES 

8.5.1 
facility and submitted in the RCRA closure/corrective action and 
post-closure plans. 
minimize hazards to human health or the environment from any 
unplanned sudden or slow release of hazardous waste constituents 
to the air, soil, or surface water. 

The ow/op shall have a Contingency Plan prepared for the 

The Contingency Plan must be designed to 

9. PERSONNEL TRAINING PLANS 

9.1 GENERAL PERSONNEL TRAINING REQUIREMENTS FOR THE RCRA AND 
TSCA ACTIVITIES 

9.1.1 The ow/op will create a training program which complies 
with any applicable requirements of RCRA and TSCA. 
shall incorporate into the closure plans and permits an outline 
of the training program to be used at the facility and a brief 
description of how the training program is designed to meet 
actual job tasks. 
a program of classroom instruction or on-the-job training that 
teaches them to perform their duties in a way that ensures the 

The ow/op 

Facility personnel must successfully complete 
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facility's compliance with any applicable requirements of RCRA, 
TSCA, and any other laws or rules, 

10. CDF MANAGEMENT PLAN 

10.1 OPERATION AND MAINTENANCE (O&M) MANUAL 

10.1.1 The Corps will develop an Operation and Maintenance (OLM) 
Manual for the proposed CDF. This manual will contain descrip- 
tions of all operation and maintenance activities to be conducted 
by the Corps and its contractors. As part of this O&M Manual, 
the Corps will also prepare a Management Plan for the proposed 
CDF. The purpose of this plan is to enhance the environmental 
performance of the proposed CDF through specific operation and 
maintenance procedures. Another goal of the management plan is 
to prolong the useful life of the CDF, allowing for the 
possibility of additional capacity for contaminated sediments 
dredged from the Indiana Harbor and Canal. 

10.2 O&M PROCEDURES 

10.2,l Examples of O&M procedures which may enhance the 
environmental performance of the CDF are: 

a. The encapsulation of TSCA materials within non-TSCA 

b. The sequence in which dredging takes place; 
c. The locations where materials are placed; and 
d. The timing of dewatering and discharge, 

regulated sediments; 

These type of O&M variables will need to be reexamined 
periodically, and appropriate improvements may be incorporated, 
where feasible, and in consultation with the appropriate 
regulatory agencies. 

11. DATA MANAGEMENT PLANS 

11.1 OPERATING RECORD 

11.1.1 The ow/op shall maintain a written operating record at 
the facility. The following information shall be recorded, as it 
becomes available, and maintained in the operating record until 
closure of the facility: 

a. A description and the quantity of the dredging 
materials received, and the method(s), and date(s) of 
its disposal at the facility, And, the quantity of 
ground water collected and the method(s), date(s) of 
its treatment, storage, or disposal at the facility; 
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b. 

C. 

d. 

e. 

f. 

4- 
h. 
i. 

k. 
j. 

For the CDF disposal unit, the type, location, and 
quantity of each dredging shipment would be recorded on 
a map or diagram of each cell or disposal area. A log 
should be maintained cross-referencing the location of 
the dredge in the canal to the location in the CDF 
disposal unit where the material is disposed; 
Records and results of any dredged material or effluent 
analysis performed; 
Summary reports and details of all incidents that 
require implementing the Contingency Plan; 
Records and results of inspections. (Except those 
records that need only be kept three years); 
Monitoring, testing, or analytical data, and corrective 
action required for ground water, air, soil, or surface 
water ; 
All closure and post-closure cost estimates; 
Waste Minimization records; 
Any applicable RCRA land ban recordkeeping; 
Any RCRA corrective action records; and 
Any applicable TSCA recordkeeping. 

11.2 AVAILABILITY, RETENTION, AND DISPOSITION OF RECORDS 

11.2.1 All records, including plans, required under RCRA and 
TSCA, and any other applicable regulations, must be furnished 
upon request, and made available at all reasonable times for 
inspection, by any officer, employee, or representative of the 
U.S. EPA or IDEM, who is duly designated by the U . S .  EPA 
Administrator. 

11.2.2 The retention period for all records required under RCRA 
and TSCA is extended during the course of any unresolved 
enforcement action regarding the facility or as requested by the 
U . S .  EPA or IDEM. 

11.2.3 The retention period for all RCRA corrective action 
records is for the three years after the completion of all 
corrective action activities at the facility. This includes 
implementation and long-term monitoring. 

11.2.4 A copy of records of material disposal locations and 
quantities shall be submitted to the U.S. EPA, IDEM, and the 
local land authority upon closure of the facility. 

11.3 CONSTRUCTION RECORDS 

11.3.1 The results of monitoring. conducted in association,with 
construction activities will be compiled into a report by the 
ow/op or its contractor. 
engineering diagrams and descriptions of the CDF disposal unit, 
the rehandling area, the wastewater treatment plant and any other 

This report will describe the as-built 
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ancillary equipment or handling units; the draft and final CQA 
reports; and any field data. 

11.3.2 
in a timely manner, after the conclusion of an individual 
construction operation. 

The reports of construction activities will be completed 

11.4 DREDGING RECORDS 

11.4.1 
an individual dredging and disposal operation will be compiled 
into a report by the ow/op or its contractor. 
describe the areas dredged, total quantities of materials dredged 
and disposed, methods of dredging, rehandling, dewatering, and 
water treatment. The results of turbidity monitoring around the 
dredge and water quality monitoring at the proposed project will 

The results of monitoring conducted in association with 

This report will 

be presented. . .  

11.4.2 
in a timely manner, after the conclusion of an individual 
dredging operation. 

The reports of operational monitoring will be completed 

11.5 MAINTENANCE RECORDS 

11.5.1 Maintenance activities and 
it are continuous, and not limited 

the monitoring associated with 
to times when dredging occurs. 

An annual report of maintenance activities and monitoring results 
will be prepared by the ow/op or its contractors and include 
descriptions of site inspections and maintenance activities, 
ground water gradient monitoring data, and-surveys of vegetation 
and wildlife at the proposed project. 
submittals shall also be designated in the RCRA closure and post- 
closure plans, and the TSCA permit, and may require a more 
frequent submittal schedule. 

11.5.2 
distributed to the same agencies receiving the operation 
monitoring reports. 

Maintenance report 

The maintenance monitoring report will be prepared and 

11.6 SUBMITTAL OF DATA 

11.6.1 
the following agencies as part of RCRA, TSCA and Clean Water Act 
compliance: 

The data described in this appendix shall be furnished to 

. U . S .  Environmental Protection Agency 
Indiana Department of Environmental Management 

11.6.2 
agencies for information upon request: 

The reports will also be furnished to the following 
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U.S. Fish and Wildlife Service 
Indiana Department of Natural Resources 
Lake County Health Department 
East Chicago Sanitary District 

11.6.3 
reports upon written request. 

Other groups and individuals will be sent copies of these 

12. RCRA POST-CLOSURE APPLICATION 

12.1 A RCRA post-closure permit application from the owner and 
operator of the ECI  facility will be required. The post-closure 
permit application shall address the post-closure requirements 
for the proposed project and corrective action requirements for 
all property parcels contiguous to the CDF. The requirements for 
a post-closure permit application are outlined in 40 CFR P a r t s  
270 and 264. The USEPA and IDEM shall review the application, 
and propose to approve or deny the post-closure permit 
application. At that time public participation requirements of 
40 CFR Part 124 shall take place. After public participation is 
completed (the end of the public comment period), the USEPA and 
IDEM shall make a final decision. 
issued, t h e  post-closure care period will take place for a 
minimum of 30 years, and the permit shall be renewed every 5 to 
10 years. 

If a post-closure permit is 
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APPENDIX 0 

CIVIL DESIGN ANALYSIS 

DREDGED MATERIAL MANAGEMENT PLAN 

1. PURPOSE AND OBJECTIVE 

This appendix documents the proposed procedures for effectively 
managing and operating a confined disposal facility (CDF) at the 
ECI site or at a generic clean upland site. Management activi- 
ties will be required to maximize storage and retention of SUS- 
pended solids. 

2. SITES CONSIDERED 

2.1 Five sites were considered as possible locations for the 

the Inland Steel site, the J-Pit site, and'the 141st Street site. 
A location for the generic clean upland site has not been deter- 
mined, thus it is not shown on plate 0-3. 

, CDF. These include the ECI site, a Generic Clean Upland site, 

2.2 Three of these sites: Inland Steel, the J-Pit and 141st 
Street were dropped from further consideration as locations as 
stated in the main report, therefore only the ECI site and the 
generic clean upland site will be discussed in this appendix. 

3. SITE DESCRIPTION 

3.1 
areas by a railroad line." These two areas are called the South 
Lobe for the portion south of the railroad track, which will be 
divided into three cells and the North Lobe for the portion of 
the CDF which is north of the railroad track (Plate 0-4). 

The ECI site CDF is physically divided into two separate 

2.2 The generic clean upland site CDF will also contain north 
and south lobes. 
would n9t be railroad constrictions as with the ECI site (Plate 
0-7). 

This site will be rectangular in shape as there 

4. CONSTRUCTION 

4.1 The south lobe will be used' as part of Alternatives 1, 2, 
and 3. The north lobe which will be used as part of Alternative 
2 or 3 allows for a dredging schedule which will include the 
upper reaches of the Indiana Harbor and Canal. The construction 
and operation will be the same for one or both lobes. Therefore 
both lobes are being shown and discussed concurrently. A sepa- 
rate cell or "bowl" for Toxic Substance Control Act (T.S.C.A.) 
materials will be constructed from dried dredge material after 
the third dredging operation is complete. This cell will help'to 
isolate the more heavily contaminated T.S.C.A. sediments from the 
rest of the dredged material. 



4.2 Staged Construction 

4.2.1 The CDF will be constructed in 3 stages. The stage 1 dike 
height will be 15 feet, stage 2 will be 10 feet and stage 3 will 
be 10 feet for a total of 35 feet. Staged construction is the 
most cost effective construction sequence and provides the most 
total storage volume. Stage 2 and stage 3 are scheduled to be 
constructed 9 and 19 years respectively after initial construc- 
tion begins. By staging construction it is only necessary to 
raise dikes when necessary instead of building the entire dike at 
once. Staging also maximizes volume by partially building on 
dredged material. The dredged material becomes part of the dike 
support thus reducing the amount of offsite material needed and 
maximizes site utilization (Plate 0-5 6 0-8). The sequence of 
construction for the CDF will be similar regardless of the site 
selected. The first cell to be constructed will be the southwest 
cell in the south lobe during the first year of construction. 
During the second construction season the south.:est cell of the 
south lobe will receive the first of the dredgec materials. 
While this cell is being filled with the first lift the south- 
eastern cell of the south lobe will be constructed. This would 
complete Stage 1 construction under Alternative 1. Should 
alternative 2 or 3 be selected then the north lobe and southeast- 
ern cell of the south lobe would be constructed during the second 
construction season. 

4.2.2 On the ECI site, each stage will consist of 3 feet of clay 
with clean fill placed on top to form the dikes. The ECI site 
will use a slurry/bentonite wall. 
Resource Conservation Rec~very Act (RCRA) corrective action as a 
means of containing existing materials on site, and will also 
assist in containing seepage from the dredged materials. The 
slurry wall will be placed on the ECI site with or without the 
CDF project as part of the RCRA closure for the site. A drainage 
layer is not required on the ECI site as Decant Structures and 

The site will 
have an inward gradient through the slurry wall due to dewatering 
wells placed within the site. This will cause the ground water 
level within the CDF to drop below that outside of the slurry 
wall, therefore ground water from the CDF will not be able to 
leach into the surrounding groundwater. The groundwater pumped 
from the dewatering wells will be treated if necessary prior to 
discharge into a sanitary sewer. There will be one decant struc- 
ture per cell (Plate 0-6) to drain off surface water, thus elimi- 
nating ponding. 

4.2.3 
high density plastic liner and leak monitoring system (Plate 0-7 
6 0-8). 
barrier between the CDF and the underlying ground and ground- 
water. 
dix L, "Soils and Geology". 

4.2.4 The final 5 feet of stage 3 will be a cap consisting of 

This wall is required by the 

, Dewatering wells will adequately drain the site. 

On the generic clean upland site each stage will have a 

The liner and monitoring layer will provide a physical 

The liner system is discussed in greater detail in Appen- 
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clay, sand, and topsoil. The clay will seal the CDF and the sand 
will provide a drainage path off the CDF for rainwater (Plates 
0-5 & 0-8). 

4.3 Offsite clean fill material will be used for construction of 
all exterior dikes and the initial 10 feet of the center cross- 
dike for the south lobe. 
material in the CDF, the dried material will be "harvested" and 
then used to continue construction of the cross-dike. 
will be discussed in greater detail in the Management Plan, 
paragraph 6 of this appendix. 

After the initial placement of dredged 

Harvesting 

5. OPERATIONS 

5.1 Dredging will be performed in the federal channel mechani- 
cally with a bucket lifted by the closing line. 
bucket with the closing line keeps dredged material from escaping 
out the bottom of the bucket and creating a large plume of sus- 
pended sediments. The dredged material is then loaded into 
barges or scows for transport down the Lake George Branch of the 
canal to the ECI site at the upper end of the federal channel. 
The dredged material will be mechanically unloaded from the scows 
and loaded into trucks in the rehandling area (Plate 0-4). The 
trucks will then transport the dredged material to the CDF by use 
of haul roads placed around the site and on top of the dikes. 

Lifting the 

5.2 
upland site would be either by rail or truck depending on site 
location. 
to that of the ECI site. 

Transportation of dredged materials to a generic clean 

This site would also operate a rehandling area similar 

5.3 Dredged material will be placed in the CDF in thin lifts of 
approximately 3 feet. Thin lifts allow for greater efficiency of 
natural drying processes and greatly enhance potential gains in 
capacity. To allow for natural drying not more than one 3 foot 
lift will be placed in any one cell per dredging season. 

5.4 Each 3 foot lift will be placed on top of the previous lift 
in each cell. Lifts will continue to be placed until the dredged 
material is within 2-3 feet of the top of the dike at which time 
the outside dikes will be raised. Two dike raises are scheduled 
per lobe and are referred to as Stage 2 and Stage 3 construction. 
An unconsolidated volume of 3.2 million cubic yards was calculat- 
ed for the south lobe and 1.4 million cubic yards for the north 
lobe. Consolidation of approximately 10-30% is expected but will 
not be determined until the Design Analysis document in the next 
phase of the projeci. A schedule of anticipated dredging volumes 
per year is presented in Appendix Q, "Sedimentation Investigation 
and Dredging Plans". 

5.5 
ponding of water. 

Each cell will be graded towards a decant structure to avoid 
Placement will begin at the high end of each 
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cell and continue towards the decant structure. The first place- 
ment of dredged material is expected to be "windrowed" on the 
bottom of the CDF. Windrows are long low parallel piles with 
space in between for vehicle access. Dump trucks will drive into 
the CDF and dump the dredged material on the bottom into rows 3-4 
feet high. Subsequent lifts will be windrowed if possible or 
dumped from the edge and mechanically distributed. 
of material will be discussed in greater detail in a design 
analysis once the characteristics of the sediment are better 
known. 

The movement 

6. MANAGEMENT PLAN 

6.1 This section will address procedures for management of the 
CDF. Management activities help to maximize the retention of 
suspended solids and the storage capacity of the site. The 
management activities of thin lift placement and dredged material 
dewatering and material harvesting will be used. These specific 
activities as well as other general ones will be discussed in the 
following section. 

6.2 Dewatering 

6.2.1 
will be implemented. This program will include a decant struc- 
ture as well as trenching operations to remove all ponded water 
and precipitation water from the site as quickly as possible. 

6.2.2 A decant structure will be installed in each cell to 
assist in dewatering the dredged material, allowing the dredged 
material to consolidate at a faster rate (Plate 0-6). 

In order to obtain optimum dewatering an active program 

6.2.3 
for dewatering. Trenching is simply removing surface water and 
aiding precipitation runoff, thereby allowing the natural proc- 
esses of evaporation to dewater the top layer of soil. As the 
soil dries, cracks in the t+ crust appear called desiccation 
cracks. As drying progresses, the desiccation cracks extend 
deeper into the dredged material so that trenches must continual- 
ly be deepened to prevent ponding within the cracks. 

Progressive trenching is the most efficient method to use 

6.2.4 Trenching will be performed in a combination of ways, 
possibly including the use of draglines, low-ground pressure 
equipment or specialized trenching machines. Trenches will be 
constructed around the inside perimeter of the dike and near the 
decant structure once the filling operation had been completed 
for the season. These trenches will form a wide shallow trench 
about 1-2 inches lower than the surrounding material. Once 
appreciable desiccation drying has occurred, the perimeter and 
decant structure trenches should be deepened. The time between 
trenchings will vary between 2-10 weeks depending on weather 
conditions. Perimeter and decant structure trenching will con- 
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tinue until a crust has formed which will be strong enough to 
support low-ground pressure equipment. This equipment has a 
weight of 2-3 lbs./sq. ft. and can create trenches across the 
site which will tie into the perimeter or decant structure 
trenches. Trenching operations will continue until the material 
is sufficiently dried to permit the use of conventional construc- 
tion equipment. The time required to reach that point should be 
4 to 12 months depending on weather. 

6.3 Material Harvesting 

6.3.1 Once the surface material has dried to a workable condi- 
tion it can be "harvested" from the top and used for interior 
construction. The dried layer of material will be scraped or 
harvested from the surface and then placed along the perimeter. 
This material will then be used to raise the center cross-dike 
which separates the east and west cells of the south lobe, be the 
base for the next stage of construction, or construct the Toxic 
Substances Control Act (T.S.C.A.) materials' cell in the west 
cell of the south lobe. 

6.3.2 
dredge material thereby conserving volume but still providing two 
cells in the south lobe for separate operations. The exterior 
dikes will be made of select offsite material and will be placed 
on top of 3 feet of clay above the dried dredged material for the 
inside portion at the ECI site. A plastic liner and monitoring 
layer will separate the dredge material from the offsite material 
thus keeping the dredge material confined for the generic clean 
upland site. 

The cross-dike will be made almost entirely of dried 
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MEMORANDUM OF UNDERSTANDING 

BETWEEN THE ARMY CORPS OF ENGINEERS, 

THE ENVIRONMENTAL PROTECTION AGENCY, 
THE LEAD AGENCY AND 

A COOPERATING AGENCY 

INTRODUCTION 

This Agreement describes the responsibilities agreed to by 
the United States Army Corps of Engineers, Chicago District 
(USACE) and the United States Environmental Protection Agency 
Region V (USEPA Region V) with respect to the preparation of the 
Environmental Impact Statement (EIS) for the Indiana Harbor and 
Canal Dredging and Disposal Activities (the llProjectlv) in 
accordance with the National Environmental Policy Act, 42 U.S.C. 
Section 4321, seq., (NEPA) and the regulations promulgated 
thereunder at 40 C.F.R. Part 1500, 33 C.F.R. Parts 230 and 325 
(t-he COE regulations) and 40 C.F.R. Part 6 (the EPA regulations). 

The Indiana Harbor and Canal is an authorized Federal 
Navigation project located in East Chicago, Indiana. Over the 
past 18 years shoaling and siltation have significantly reduced 
channel depths. In addition, these sediments and the sediments 
of the Grand Calumet River have become saturated with 
contaminants from industrial and municipal sources and threaten 
the water quality of southern Lake Michigan. USACE and USEPA 
Region V agree upon the need to address the serious navigational 
hazard and environmental threat which these sediments present. 

Recognizing the importance of the remediation of the Indiana 
Harbor and Canal sediments as well as Grand Calumet River 
sediments which migrate into Indiana Harbor and Canal and Lake 
Michigan, USEPA Region V has agreed to participate as a 
"cooperating agency," as defined at 40 C.F.R. Section 1508.5 and 
assist the USACE, the "lead agency" as defined at 40 C.F.R. 
1508.16, in the preparation of the EIS for the Project. As a 
cooperating agency, USEPA Region V will use its environmental 
expertise to assist USACE in fully characterizing the 
environmental consequences of the Project, considering the impact 
upon the Project of potential future dredging and disposal 
activities beyond USACE'S federal navigational operation and 
maintenance dredging authority, and taking actions that protect, 
restore, and enhance the environment in accordance with NEPA. 
Responsibilities of the respective parties shall be as follows: 
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LEAD AGENCY RESPONSIBILITIES 

1.1 USACE will have primary responsibility for the development 
and preparation of the draft and final EISs for the Project, as 
well as any supplements or amendments thereto. USACE will have 
final editorial control over the documents but will obtain USEPA 
Region V written approval, prior to publication, regarding any 
proposed changes to contributions provided by USEPA Region V 
pursuant to USEPA Region V’s responsibilities described by this 
Agreement. If USEPA Region V does not approve the changes 
proposed by USACE, then USACE may print a disclaimer regarding 
the USEPA Region V contribution. 

1.2 
to the Project received during preparation of the EIS including 
those arising out of the scoping process, public meetings and 
circulation of the preliminary, draft, and final EISs and 
supplements or amendments thereto. 

USACE will forward to USEPA Region V all comments pertaining 

1.3 USACE will provide USEPA Region V with a copy of the draft 
and final EISs for the Project, as well as any supplements or 
amendments thereto, for review and comment prior publication of 
the documents. USACE will allow a minimum of fifteen (15) 
working days for such review and comment. 

1.4 USACE, in consultation with USEPA Region V, will respond to 
comments regarding portions of the EIS that USACE prepared 
involving matters within USEPA Region V‘s jurisdiction or 
expertise. USACE will obtain USEPA Region V’s written 
concurrence to any proposed changes to USEPA Region V’s response 
to comments regarding contributions provided by USEPA 
Region V pursuant to its responsibilities described by this 
Agreement. If USEPA Region V does not approve the changes 
proposed by USACE, then USACE may print a disclaimer regarding 
the USEPA Region V contribution. 

1.5 USACE will provide staff and funding resources for 
activities it undertakes pursuant to this Agreement. 

1.6 USACE will designate the selected plan for the dredging and 
disposal activities with in its jurisdiction and will sign the 
Record of Decision for the Project. 

1.7 USACE will fully retain all its rights and responsibilities 
to disapprove or enforce all permits and permit conditions 
required by the Project. 

P - 2  
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COOPERATING AGENCY RESPONSIBILITIES 

2 . 1  USEPA Region V will review and comment on the preliminary, 
draft and final EIS for the Project, as well as any supplenents 
or amendments thereto, from the standpoint of USEPA'S 
jurisdiction and environmental expertise. 

2 . 2  
contributions made by USEPA Region V pursuant to its 
responsibilities described by this Agreement. 

USEPA Region V will respond to comments regarding 

2 . 3  USEPA Region V will prepare portions of the draft and final 
EIS, as well as any supplements or amendments thereto, that wiil 
discuss the treatment, storage or disposal of materials not 
addressed by USACE which 
USEPA regulatory authority. 

USEPA Region V identifies as subject t3 

2 . 4  USEPA Region V will prepare portions of the draft and final 
EIS, as well as any supplements or amendments thereto, that will 
discuss the impact upcn the Project of potential dredging and 
disposal activities beyond USACE's federal navigational operatic: 
and maintenance dredging authority in the Indiana Harbor Canal 
and Grand Calumet River. 

2 . 5  
activities it undertakes pursuant to this Agre- ament. 

USEPA Region V will provide staff and funding resources fzr 

2 . 6  USEPA Region V will fully retain its independent review 
responsibilities under Section 309 of the Clean Air Act 
U.S.C. Section 7609), and NEPA and the regulations promulgatn3 
thereunder. 

( 4 2  

2 . 7  USEFA Region V will fully retain all its rights and 
respcnsibilities to disapprove or enforce all permits and Fer-.- 
cor,ditions required by the Project. 

GENER4L PROVISIONS 

3.1 Tinetables for deliverables and review will be agreed LF - 
by both parties and will be subject to revision as needed. 

3 . 2  The scheduling and conduct of public meetings will be 2 : .  
upon by both parties and will be subject to revision as r?ee:: 

P-3 
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3 . 3  This Agreement will be terminated upon execution of the 
final USACE Record of Decision regarding this Project or may be 
terminated upon written notice by either USACE or USEPA Region V. 

3 . 4  
activities beyond USACE's federal navigational operation and 
maintenance dredging authority in the Indiana Harbor Canal and 

Any permits that must be obtained for dredging and disposal 

Grand Calumet River shall be applied for and obtained by a party 
other than USACE. 

3 . 5  Each draft and final EIS, as well as any supplements or 
amendments thereto, developed pursuant to this Agreement shall 
each contain a copy of this Agreement. 

3 . 6  Nothing in this Agreement is intended to diminish or 
otherwise affect the authority of either USACE or USEPA to 
implment its respective statutory functions. This Agreement is 
effective upon signature of both parties. 

The undersigned hereby agree to the foregoing Menorandun cf 
Understanding: 

UNITED STATES 
ARMY CORPS OF ENGINEERS 

- 
, Lieutenartt Colonel/ U.S. Army 
i District Engineer 

UPQITED STATES , 

I / '. ... . ,I 

Valdas V. 'Adamk$s / 

Regional Admin strator ' 1 
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APPENDIX Q 
SEDIMENTATION INVESTIGATION 

AND DREDGING PLANS 

PREFACE 

Appendix Q was revised during the fifth phase of plan 
formulation to reflect the results of new hydrographic soundings 
completed in 1995 throughout the Indiana Harbor and Canal Federal 
navigation channel and in the adjacent berthing and dockface 
areas outside of the Federal channel. The soundings taken in the 
berthing and dockface areas are more detailed and extensive than 
those which were available for the fourth phase of plan 
formulation to develop the original estimated dredge material 
quantities by channel reach, as shown in Table 7 of the 
Comprehensive Management Plan report. 

the 1995 hydrographic soundings to update and further refine the 
dredging quantity estimate. An addemdum was added at the end of 
Appendix Q to reflect the new hydrographic sounding data and the 
associated results of the dredging simulation model run. The 
original appendix describes the conduct and results of the 
dredging analysis and simulation within the Indiana Harbor and 
Canal. 
recomputed for each reach of the Indiana Harbor and Canal, as 
shown in the addendum. 

The dredging sirnulation model was rerun in August 1996 using 

Based on this analysis estimated dredging quantities were 

The gross dredging quantities did not significantly change 
compared to previous estimates used in the fourth phase of plan 
formulation. However, the new hydrographic survey data did show 
a redistribution of sediments from the Federal channel to the 
private berthing areas and dockfaces. This information confirms 
the view that the harbor and canal are in a steady state, i.e., 
sediment that is washed downstream into the harbor equals the 
sediment washed into Lake Michigan. This also shows that ships 
are plowing through and scouring out sediments from the center of 
the channel and depositing them along the dockfaces. 
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1. PURPOSE 

1.1 This appendix describes the conduct and results of a dredging analysis and 
simulation within the Indiana Harbor and Canal. The bottom sediments in Indiana 
Harbor and Canal are polluted with heavy metals and organic materials. As a result, 
dredged materials will be disposed of in a confined disposal facility (CDF). The design 
features of the proposed CDF are described in the Comprehensive Management Plan, the 
Environmental Impact Statement, Appendix L and Appendix 0. 

1.2 This investigation consisted of a sequence of activities: 

a. To give a perspective on both long and short term sedimentation rates, surveys 
of sounding depths for a number of years, as well as dredging records, lake levels ’ 
and major storm events, were reviewed. 

b. A cursory sedimentation analysis was performed to give an indication of the 
impacts of depths within the canal on sedimentation rates. 

c. A computer model was constructed to simulate the dredging process. This 
model takes into account the sedimentation rates, bank sloughing and dredging. 

d. Utilizing the dredging simulation model, plans were developed for three 
scenarios. The first scenario (Partial) involved dredging from the mouth to just 
past the EJ&E Railroad, and placing the material in a single lobed CDF. The 
second (Complete) and third (Cooperative) scenarios involved dredging from the 
mouth to 4000 feet up the Lake George branch and 2600 feet up the Grand 
Calumet branch, and placing the material in an enlarged two lobed CDF. The 
third scenario also includes additional dredging in a three berthing areas. Plate Q- 
1 provides a location map. 

e. A number of sensitivity analyses were then carried out to evaluate the 
economic analyses of the dredging simulation results. 

f. Reconnaissance level hydrologic and hydraulic modeling was then used to 
evaluate the impacts of dredging on both upstream flows and velocities, as well as 
the qualitative impacts of upstream sediment transport. 

1.4 The implementation of the dredging plan described here will be the responsibility of 
the Chicago District, U.S. Army Corps of Engineers (USACE), and will be executed by 
the Chicago District and its contractors. 

Q- 1 



2. DATA REVIEW 

2.1 There are many factors that can effect the sedimentation rate within the canal and 
harbor. From an analytic point of view, the most important factors are the geometry, the 
quantity and quality of sediments within the watershed, and the quantities and velocities 
of water transporting the sediment through the watershed. Utilizing these factors, a 
sediment transport model could be constructed. However, for this watershed, as is shown 
in the next section, it is very difficult to construct an adequate sedimentation model. 

2.2 As an alternative to a sedimentation model, the historic functioning of the watershed 
was analyzed. Factors that were considered included changes in geometry (given by 
sounding data collected over a number of years), historic dredging, lake levels and 
significant storm events. The quantity and quality of sediments flowing in to the harbor 
and canal (as described in "No Action" Alternative - Appendix C) were also considered. 

2.3 DESCRIPTION OF DATA 

2.3.1 Data for soundings conducted in September 1984 / October 1985 (reaches 1 2 ,4  
and 5) ,  July-September 1989 (reaches 1 through 5), July-August 1990 (reaches 1 through 
5) ,  December 1991 / June 1992 (reaches 1 through 1 1 and reach 13) and December 1994 
(reaches 1 through 13, bank to bank) were reviewed in detail to evaluate historic 
sedimentation rates within the harbor and canal. Table Q- 1 gives summaries of the 
average depths in reach. The depths prior to 1991 were determined from manually 
constructed sections. The 1991/1992 and 1994 sounding depths were processed utilizing 
computer aided design (CAD) data. Section plots for the 1991/1992 soundings (the 1994 
soundings were not available when the plots were prepared) are shown on plates 4-2 
through Q-9. For comparison purposes, table Q-1 also show anaverage section depth for 
a maximum dredging scenario (MDS). This maximum scenario consists of dredging the 
federal channel to project depth, and dredging the non-federal areas to an average 1:lO 
slope above project depth. The non-federal channel is assumed to be dredged to give 
access to all docks. It should also be noted that the MDS for 1984-1 990, 1991 -1 992 and 
1994 are different because of the different cross-section layouts for each of the survey 
periods. 

2.3.2 It must be noted that in reviewing the data it was discovered that there were errors 
in referencing the soundings to the bench marks. In 1984/1985, 1989 and 1991/1992 the 
bench marks were assumed to be based on the IGLD datum, however the benches are 
actually tied into the NGVD datum. For these years the section depths are 1.3 feet lower. 
The average values shown in table Q-1 have been corrected for this error. 



Table Q-1: Average Reach Depths 

1 -31.44 -30.05 -30.37 -28.77 
2 -27.79 -26.56 -26.52 -27.44 
3 n/a -28.83 -28.75 -27.16 
4 -27.46 -26.35 -26.33 -27.69 
5 -29.26 -29.38 -28.73 -26.84 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

-29.62 
-24.98 
-26.46 
-24.87 
-28.89 
-23.29 
-24.09 
-15.98 
-17.33 
-22.73 
-24.14 
n/a 

-15.54 

-23.64 -29.20 
-24.10 -24.07 
-19.06 -23.78 
-24.53 -22.69 
-26.75 -27.59 
-21.83 -23.24 
-21.06 -22.52 
-19.64 -12.85 
-19.76 -15.47 
-21.55 -23.01 
-21.83 -21.70 
n/a -16.41 

-21.71 -12.95 

-26.22 
-24.22 
-14.60 
-25.77 
-26.54 
-21.74 
-21.28 
-17.41 
-19.03 
-21.77 
-21.75 
-21.07 
-21.77 

Notes: MDS = Maximum Dredging Scenario 

2.3.3 Dredging records were reviewed to give an estimate of the historic dredging per 
reach. Table 4-2 gives a summary of cubic yards dredged, per reach, for the years 1955 
through 1972. Normally, the dredging was done to an elevation below project depth 
(usually one foot below). It should be noted that portions of the historic data were given 
as quantities dredged for large sections of the canal. Prior to entry into the table, this data 
was equally subdivided by reach. 
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T a b l e  Q-2: Summary o f  D r e d g i n g  a t  I n d i a n a  H a r b o r  a n d  C a n a l  
( f o r  e a c h  y e a r ,  f o r  e a c h  r e a c h  i n  c u b i c  y a r d s )  

Year 1 2 3 4 5 6 7 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

T o t a l  
% T t l  

43,449 43,449 31,347 31,347 31,347 20,311 10,093 
64,325 64,325 59,175 59,175 59,175 73,177 
60,433 60,433 25,977 25,977 25,977 14,410 1,590 
149,943 149,943 40,857 40,857 40,857 10,866 
40,600 40,600 21,778 13,880 
51,561 51,561 18,490 18,490 18,490 1,115 
34,426 34,426 18,766 18,766 23,823 5,057 
160,997 160,997 160,997 160,997 160,997 168,267 

26,372 26,372 26,372 6,890 
8,271 8,271 8,271 

100,631 100,631 
24,022 24,022 24,022 17,966 

101,075 101,075 24,157 24,157 24,157 15,326 

807,437 807,437 438,431 438,431 443,487 355,163 25,563 
17.1 17.1 9.3 9.3 9.4 7.5 0.5 

Year 8 9 1 0  11 12 13 T o t a l  

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

T o t a l  
% T t l  

52,521 

31,827 

43,669 

40,803 

53,246 

67,130 
289,196 

6.1 

52,521 316,383 
36,550 415,902 

214,795 
31,827 31,827 31,827 560,631 

116,857 
159,706 

43,669 43,669 43,669 43,669 43,669 397,277 
973,253 

40,803 40,803 40,803 243,216 
90,731 115,545 

201,262 
135,009 225,041 

53,246 53,246 53,246 502,931 
0 
0 
0 
0 

67,130 67,130 67,130 268,520 
236,675 236,675 43,669 43,669 551,486 4,717,319 

5.0 5.0 0.9 0.9 11.7 100.0 

4-4 



2.3.4 The elevation of Lake Michigan can influence the sedimentation rate within the 
canal and harbor. The levels given in table 4-3, for Calumet Harbor, are based on the 
International Great Lakes Datum. For comparison purposes the period of record values at 
the gage for minimum, maximum and long term averages are (in feet, IGLD): 575.41, 
581.81 and 578.36 respectively. 

Table Q-3: Lake Levels (feet) 

LEVEL YEAR LEVEL YEAR LEVEL YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 

579.13 
578.16 
577.56 
576.98 
576.82 
578.33 
578.04 
577.59 
576.56 
575.75 
576.55 
577.36 
577.81 
578.28 

1969 579.13 
1970 579.07 
1971 579.49 
1972 580.13 
1973 580.49 
1974 580.42 
1975 580.05 
1976 579.80 
1977 578.52 
1978 578.83 
1979 579.49 
1980 579.52 
1981 579.21 
1982 578.83 

1983 579.67 
1984 579.83 
1985 580.59 
1986 581.13 
1987 580.11 
1988 578.70 
1989 578.25 
1990 578.04 
1991 578.46 
1992 578.53 
1993 579.24 
1994 579.14 

Note: Levels based on International Great Lakes Datum 

2.3.5 There are recording rain gages within the watershed. To get a perspective on 
major rainfall events in the basin (in excess of 2.0’7, the records for five rain gages within 
the area were integrated. The records for the Crete, Midway Airport and University of 
Chicago gages in Illinois were weighted with the records of the Valparasio and South 
Bend gages in Indiana. The resulting “average” basin records for January, 1980 through 
December, 1994 are presented in table 4-4. For comparison purposes, table Q-5 provides 
frequency-rainfall data (reference 9.1). 

Q-5 



Table Q-4: Indiana Dunes, Indiana - Significant Storms (inches) 
YEAR JAN FEB MAR APR MAY J U N  JUL AUG SEP OCT NOV DEC 

1980 - 
1981 - 
1982 - 
1983 - 
1984 - 
1985 - 
1986 - 
1987 - 
1988 - 
1989 - 
1990 - 
1991 - 
1992 - 
1993 2.2 
1994 - 

Table Q-5: F r e q u e n c y  v e r s u s  Rainfall 

YEAR PRECIP YEAR PRECIP 
(in.) (in. ) 

1 2.40 25 4.60 
2 2.78 50 5.22 
5 3.50 100 5.76 
10 4.01 500 6.58 

2.4 ANALYSIS OF DATA 

2.4.1 In an effort to develop both short and long term dredging rates, the factors 
effecting the sediment deposits in 1972, 1984/5, 1989, 1990, 1991/2 and 1994 have been 
closely examined. Additionally, generalized assumptions regarding the conditions have 
also been made: 

a. 1972 - Dredging of the canal system occurred until this year. General surveys 
of the area indicated no problems in navigation. Relatively high event storms 
occurred in 1968 and 197 1, washing a lot of sediment out of the canal. Assume, 
during this year, that the harbor and canal are at approximately the depth of the 
maximum dredge scenario (MDS). 



b. 198411985 - Many significant storm events occurred in early 1983 and early 
1985. The these storm events contributed to flushing the sediments out of the 
harbor and canal and into Lake Michigan. Elevations in the canal and harbor were 
an area weighted average of 1.1 1 feet below the maximum dredge depth (see table 
4-6). These are very low elevations.. 

c. 1989 - Only a minimum number of significant storm events occurred since the 
1984/1985 soundings. Lake elevations were high in the period of 1985 through 
1987. Elevations in the harbor and canal were an area weighted average of 0.30 
feet below the maximum dredge depth (see table 4-6). During the years 
following the 1984/1985 soundings, the harbor and canal refilled with sediments. 
During 1989 the harbor and canal appear to be at normal elevations, close to the 
equilibrium level (this level will be clarified in the following paragraphs). 

d. 1990 - Only two significant storm event occurred since the 1989 soundings. 
Elevations in the harbor and canal were an area weighted average of 0.29 feet 
below the maximum dredge depth (see table 4-6). During t h s  year, the harbor 
and canal remained at about an equilibrium level. 

e. 1991/1992 - Few major storm events occurred since the 1990 soundings. 
Elevations in the harbor and canal were an area weighted average of 0.1 1 feet 
below the maximum dredge depth (see table 4-7). During the past year and half 
the harbor and canal filled to slightly above an equilibrium level. 

f. 1994 - Six significant storm events occurred between the 199 1 / 1992 sounding 
and the 1994 soundings. However, during this period the lake level was slightly 
above average. Elevations in the harbor and canal were an area weighted average 
of 0.40 feet below the maximum dredge depth (see table Q-8). During this year 
the harbor and canal have reached approximately an equilibrium level through the 
s t o m  washouts . 
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Table Q-6: Area Weighted Depths (1984-1990) 

REACH AREA-FED AREA-NFD AREA-TTL DMD-84/5 DMD-89 DMD-90 

1 
2 
3 
4 
5 

TL-N3: 
TOTAL : 
WT AV: 

2,217,798 989,798 3,207,596 -2.67 -1.27 -1.60 

1,176,838 1,032,184 2,209,022 -1.67 -1.59 
1 , 947 , 848 953,012 2,900,860 -0.35 0.88 0.92 

2,644 , 745 718,400 3,363,145 0.23 1.34 1.36 

7,797,972 2,921,250 10,719,222 
8,974,810 3,953,434 12,928,244 

987,581 260,040 1,247,621 -2.43 -2.54 -1.90 

-1.11 -0.30 -0.29 

Notes: REACH 
AREA- FED 
AREA-NFD 
AREA-TTL 
DMD - 8 4 / 5 
DMD- 8 9 
DMD- 9 0 
TL-N3 
TOTAL 
WT AV 

Reaches 1 through 5 
Area of federal channel 
Area of non-federal channel 
Total area for given reach 
Difference between Maximum Dredge and 1984/5 
Difference between Maximum Dredge and 1989 
Difference between Maximum Dredge and 1990 
Areas for weighting 1984/5 (i.e. without 3) 
Total areas for reaches 1 through 5 
Area weighted averages (1984/5 without 3) 
All areas in square feet and 
All depths in feet 



T a b l e  Q-7: Area Weighted Depths (1991/1992) 

REACH AREA-FED AREA-NFR AREA-NFL AREA-TTL DMD-91/2 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 

TOTAL : 
WT AV: 

Notes :  

2,217,798 
1,947,848 
1,176,838 
2,644,745 

987,581 
251,025 
248,816 
351,637 
371,207 
163,078 
394,701 
640,185 

REACH 
AREA-FED 
AREA-NFR 
AREA-NFL 
AREA-TTL 
DMD-91/2 

TOTAL 

WT AV 

441,125 
344,692 
491,092 
699,734 
100,249 
21,696 
56,220 
224,707 
50,870 
23,077 
43,792 
77,541 

548,673 3,207,596 
608,320 2,900,860 
541,092 2,209,022 
18,666 3,363,145 
159,791 1,247,621 
38,764 311,485 
33,425 338,461 
367,638 943,982 
198,154 620,231 
20,351 206,506 
77,031 515,524 
48,824 766,550 

16,630,983 

-5.97 
-0.89 
-7.40 
-0.34 
-2.14 
-1.46 
-3.03 
3.66 
2.43 
-1.17 
-2.31 
6.18 

-0.11 

Reaches 1 th rough  11 and 13 
Area of  f e d e r a l  channel  
Right  bank a r e a  of  n o n - f e d e r a l  c h a n n e l  
L e f t  bank area of  non- fede ra l  c h a n n e l  
T o t a l  area f o r  g iven  r e a c h  
D i f f e r e n c e  between Maximum Dredge 
and 1991/2 
T o t a l  areas f o r  r e a c h e s  1 t h r o u g h  11 
and 13 
A r e a  weighted  ave rage  
A l l  areas i n  s q u a r e  f e e t  and 
A l l  d e p t h s  i n  f ee t  
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Table  Q-8:  Area Weighted Depths ( 1 9 9 4 )  

REACH AREA-FED AREA-NFR AREA-NFL AREA-TTL DMD-94 

1 2 , 2 1 7 , 7 9 8  
2 1 , 9 4 7 , 8 4 8  
3 1 , 1 7 6 , 8 3 8  
4 2 , 6 4 4 , 7 4 5  
5 9 8 7 , 5 8 1  
6 2 5 1 , 0 2 5  
7 2 4 8 , 8 1 6  
8 3 5 1 , 6 3 7  
9 3 7 1 , 2 0 7  

1 0  1 6 3 , 0 7 8  
11 394  , 7 0 1  
1 2  1 8 7 , 7 7 1  
1 3  6 4 0 , 1 8 5  

TOT/AVG : 
WT AVG: 

Notes:  REACH 
AREA- FED 
AREA-NFR 
AREA-NFL 
AREA-TTL 
DMD-94 

TOTAL 
WT AVG 

4 4 1 , 1 2 5  5 4 8 , 6 7 3  3 , 2 0 7 , 5 9 6  - 2 . 9 8  

4 9 1 , 0 9 2  5 4 1 , 0 9 2  2 , 2 0 9 , 0 2 2  - 9 . 1 8  

1 0 0 , 2 4 9  1 5 9 , 7 9 1  1 , 2 4 7 , 6 2 1  - 1 . 0 5  
2 1 , 6 9 6  3 8 , 7 6 4  3 1 1 , 4 8 5  - 1 . 5 0  
5 6 , 2 2 0  3 3 , 4 2 5  3 3 8 , 4 6 1  -1 .24  

3 4 4 , 6 9 2  6 0 8 , 3 2 0  2 , 9 0 0 , 8 6 0  0 . 1 5  

6 9 9 , 7 3 4  1 8 , 6 6 6  3 , 3 6 3 , 1 4 5  3 . 0 8  

224 , 707 3 6 7 , 6 3 8  9 4 3 , 9 8 2  4 . 5 7  
5 0 , 8 7 0  1 9 8 , 1 5 4  6 2 0 , 2 3 1  3 . 5 7  
2 3 , 0 7 7  2 0 , 3 5 1  2 0 6 , 5 0 6  - 1 . 2 5  
4 3 , 7 9 2  7 7 , 0 3 1  5 1 5 , 5 2 4  0 . 0 5  
7 5 , 3 0 2  2 4 , 7 6 5  2 8 7 , 8 3 8  4 . 6 7  
7 7 , 5 4 1  4 8 , 8 2 4  7 6 6 , 5 5 0  8 . 8 2  

- 0 . 4 0  
1 6 , 9 1 8 , 8 2 1  

Reaches 1 th rough  1 3  
Area of f e d e r a l  channe l  
Right  bank area of n o n - f e d e r a l  channe l  
L e f t  bank area of n o n - f e d e r a l  channe l  
To ta l  area f o r  g i v e n  r e a c h  
D i f f e r e n c e  between Maximum Dredge 
and 1 9 9 4  
T o t a l  a reas  f o r  reaches 1 t h r o u g h  1 3  
Area weighted a v e r a g e  
A l l  a r eas  i n  s q u a r e  f e e t  and 
A l l  d e p t h s  i n  f e e t  

2.4.2 Prior to reaching any conclusions from this data analysis, it is important to first 
describe the normal functioning of a basin with respect to sedimentation. This discussion 
is limited to a consideration of bedload materials, and will clarify the processes and 
parameters that are required for any analyses of the impacts of dredging. In a typical 
basin, for normal flows and small precipitation events, sediments flow downstream and 
are deposited in the channels. However, for large events, or for large combinations of 
events, a normal basin is flushed out and the channels are eroded. Thus, with low flows a 
basin functions on the deposition side of a normal sedimentation cycle, and with high 
flows a basin functions on the erosion side of the cycle. 
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2.4.3 A second characteristic of the sedimentation processes withn a basin, is that a 
basin is normally driven towards an equilibrium condition. That is, if a basin has been 
just flushed out by a large storm there will be a high sedimentation rate to refill the basin. 
However, if a basin is in a normal condition in which the elevations are close to an 
equilibrium level, there will tend to be a much lower rate of sedimentation. 

2.4.4 In reviewing the sediment data, and the analyses of the conditions in 1972, 1984/5, 
1989, 1990, 1991/2, and 1994, it is apparent that the Indiana Harbor and Canal functions 
in a normal manner. That is, the basin fimctions with a typical sedimentation cycle of 
deposition and erosion; and (1) the basin tends to gravitate towards equilibrium 
elevations; (2) the basin has a high sedimentation rate for refilling after a storm event; 
and (3) the basin has a low average, or steady state, sedimentation rate. The following 
paragraphs will serve to support these assertions and derive the results that are important 
for the dredging analysis: 

a. Equilibrium or Steady State Elevations - It is apparent that for the period of 
record the harbor and canal is never very far fiom a state of dynamic equilibrium. 
What indicates this condition is that, given the reviewed data for 1972 through 
1994, there are significant changes in lake levels and significant numbers of fairly 
large events, yet the elevations in the channels, on average, don't seem to vary 
outside of one foot of the depth of maximum dredged scenario ( M D S ) .  

b. Refilling Sedimentation Rates - Rapid refilling of the harbor and canal occurs 
when the average elevations are below the depth of the maximum dredged 
scenario (MDS). Table Q-9 gives refilling rates suggestive of this concept. In the 
table, the rate fiom 1984/5 to 1989 (determined by area weighting the annual rates 
for reaches 1 , 2 , 4  and 5) has a value of +0.24 feevyear. At point in time the 
harbor and canal, after the heavy rainfalls of 1983 through 1985, seem to be 
refilling with sediments, to a steady state elevations. The rising lake levels during 
this period also contributed to the refilling. 

c. Steady State Sedimentation Rates - Table Q-9 also shows that for a long term 
period (assuming that in about 1972 the harbor and canal was close to a maximum 
dredged condition) the annual sedimentation rate is very small (for example -0.02 
feetlyear from 1972 to 1994). This suggests that the elevations in the harbor and 
canal never seem to very strongly from a steady state condition. 
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Table Q-9: Area Weighted Rates 

REACH RMD-84/5 RMD-89 R84/5-89 RMD-90 RMD-91/2 RMD-94 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

WT AV: 

-0.21 -0.07 0.31 -0.09 -0.31 
-0.03 0.05 0.27 0.05 -0.05 

-0.10 -0.09 -0.38 
0.02 0.08 0.25 0.08 -0.02 
-0.19 -0.15 -0.02 -0.11 -0.11 

-0.07 
-0.16 
0.19 
0.12 
-0.06 
-0.12 

0.32 
-0.09 -0.02 0.24 -0.02 -0.11 

-0.14 
-0.01 
-0.42 
0.14 
-0.05 
-0.07 
-0.06 
0.21 
0.16 
-0.06 
-0.00 
0.21 
0.40 
-0.02 

Notes: REACH 
RMD-8 4 /5  

RMD-89 

R84/5-89 
RMD-90 

RMD- 9 1 / 2 

RMD- 9 4 

WT AV 

Reaches 1 through 13 
Annual rate Between Maximum Dredge 
(1972) and 1984/5 
Annual rate between Maximum Dredge 
(1972) and 1989 
Annual rate between 1984/5 and 1989 
Annual rate between Maximum Dredge 
(1972) and 1990 
Annual rate between Maximum Dredge 
(1972) and 1991/2 
Annual rate between Maximum Dredge 
(1972) and 1994 
Area weighted averages 
All areas in square feet 
All depths in feet 

4-12 



3. SEDIMENTATION ANALYSIS 

3.1 In an attempt to refine the suggested sedimentation concepts given in the previous 
section, and to explore the impact of depths within the harbor and canal on rates, a 
sedimentation analysis was performed. 

3.2 SEDIMENTATION MODEL 

3.2.1 The sedimentation model selected for use in this project is the Hydraulic Design 
Package for Flood Control Channels (SAM - reference 9.2). The model was constructed 
utilizing the 1990 sounding data and selected cross sections and discharges from the 
Flood Insurance Study for Indiana Harbor and Canal. The model was initially used to 
determine the best equation to predict the rates of sediment transport flowing into the 
harbor. The sediment model showed that Yang's sediment equation provided the largest 
rate of sediment transport. However, the Yang equation produced a sediment yield of 
only 68 cubic yarddyear for the average annual discharge. 

3.2.2 Several single events were run using the Yang equation and for the 2, 10, 50, and 
100 year events, and the sediment yields were 80,680, 1660, and 1880 cubic yards, 
respectively. Thus, even these large events supplied only low rates of sedimentation. 
Additionally, Y ang's equation produced only negligible rates of sediment transport when 
applied on a reach by reach basis due to the small velocities of flow. These results would 
indicate that most of the larger sized sand and other larger material is trapped in the 
upstream reaches of the harbor. 

3.2.3 For comparison purposes, the historic sediment rates determined in the previous 
section have been used to predict sediment yields. During major refilling times (i.e. in 
1990 when the depths are low after the major event in August), when the rate is close to 
0.24 feeuyear, the sediment yield transported to the harbor is about 90,000 cubic 
yarddyear. Additionally, the Dendy and Bolton Method for predicting sediment yield 
(reference 9.3) gives a value of about 100,000 cubic yardslyear for an subarea the size of 
Indiana Harbor, with average annual rainfall levels for northern Indiana. It should be 
noted that the Dendy and Bolton Method probably under estimates the load, because of 
the additional sediments added by the industries and treatment plants in the basin. 

3.2.4 One reason for the discrepancy between the historic rates of sedimentation and the 
Yang's prediction for the rate of transport is the fact that Yang's equation only considers 
noncohesive sediments of sand sized or larger particles. A grain size analysis of the 
sediment in Indiana Harbor showed that over half of the sample was composed of silt and 
clay. Another reason for the difference is that only selected HEC-2 cross sections in the 
downstream canal reach of the harbor were used in calculating hydraulic characteristics 
for the watershed. Sediment delivery capability would be estimated at higher magnitudes 
if more upstream sections (the 1991/2 and 1994 surveys were not available in 1991 when 
these model runs were done) were included in the analysis. 
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3.3 BRUNE PROCEDURE 

3.3.1 Due to the fact that the S A M  model produced small rates of sediment transport, 
and was therefore deemed to be unreliable, it was decided to explore an alternate 
approach for calculating the change in sedimentation rates with respect to depth. The 
alternate method selected was the Brune lake trap efficiency relationship (reference 9.3). 
This method was selected because it is generally regarded as the most accurate of the 
standard methods used to evaluate the trap efficiencies of reservoirs. 

3.3.2 In utilizing the Brune method, a trap efficiency is computed from the capacity- 
inflow ratio. The procedure, with results given in table Q-10 is as follows: 

a. The total capacity was computed, by using HEC-2 with the average annual 
flow, to be 9383 acre-feet. 

b. The change in capacity for depths of -6 , -4, +4, +6 feet were computed using 
the surface area of reaches 1-5, estimated at 250 acres. 

c. The inflow rate utilized was the average rate of 500 cubic feet/second. 

d. Trap efficiencies were than determined from a graph given in reference 9.3. 

e. Percent differences in the sediment rate were then computed using the changes 
in the trap efficiencies. 

3.3.3 Although this method gives a reasonable trap efficiency of 60 to 70 percent, it 
appears to underestimate the historic change in response to the sediment rate with respect 
to depth (i.e. about 0.24 inchedyear for a 1 foot drop below project depth). Again this is 
probably due to the lack of consideration of the cohesiveness of the silt and clay 
sediments. 

Table Q-10: Brune Method - Trap Efficiency for Indiana Harbor 

Change Cumulative Mean Capacity Percent 
Invert Reach Annual Inflow Trap Difference 
Elev. Capacity Inflow Ratio Efficiency Sed. Rate 
(ft) (ac-ft) (ac-ft/yr) (yr) ( % I  ( % I  

- 6  1 1 , 1 5 1  361,980 0 . 0 3 0 8  6 8 . 7  5 . 1  
- 4  1 0 , 5 6 1  361,980 0 . 0 2 9 2  67 .7  3 . 5  

4 8,208 3 6 1  , 980 0 - 0227  62 .7  - 4 . 2  
---- 0 9 ,383  3 6 1  , 980 0 . 0 2 5 9  65 .4  

6 7 ,623 361,980 0 . 0 2 1 1  6 1 . 1  - 6 . 6  
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4. DREDGING MODEL 

4.1 A computer model was constructed to simulate the dredging process. This model 
takes into account the sedimentation rates, bank sloughing, and the dredging volumes. 
This section consists of an overview of the capabilities and specific procedures employed 
by the model. 

4.2 MODEL CAPABILITIES 

4.2.1 The model has been prepared using compiled Microsoft BASIC. In general the 
model inputs a "Control" file, a file containing the geometry and sedimentation rate of the 
reaches, and the dredging plan file. The model then goes through an series of accounting 
schemes to compute the changes in the elevations in each reach for each year. Finally, 
the model outputs detailed yearly values into an output file, and selected data into a 
LOTUS print (PRN) file. 

4.2.2 The clearest way to give an overview of the capabilities of the model, prior to 
specific discussions of how each procedure is implemented, is by listing and explaining 
the inputs in the "Control" file. The inputs in the model's "Control" file detail the files 
and options to be used for a given run: 

a. RUN TITLE - This is used for identification of the model run. 

b. MODE - This parameter controls the output to be sent to the screen. The 
options are "-1" for a full listing, "0" for an input and summary listing, and "1" for 
no screen listing. In addition a value of "-1" also results in the creation of a 
''debug'' file, with yearly sediment balances. 

c. NUMBER OF REACHES - This parameter for baseline has the value of "1 3" 
for the entire study area. 

d. END YEAR - This parameter is set to the end year the model is set to run for, 
usually this is the year the CDF is filled. 

e. LEVEL - This parameter defines the project level, "0" for baseline, "1" for 
dredging and "-1" for both. 

f. METHOD - This parameter defines the procedure to be used for computing the 
effects of depth on the sedimentation rate (see the next section for an overview of 
the procedures used). A positive value uses steady state rates with an adjustment 
such as the Brune Method. A negative value ratios the sediment rate between 
steady state and refilling rates. 
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g. DRAFT - This parameter gives the depth of the overdraft to be used during the 
dredging process. For example, this value is set to "0" for the project depth or "1" 
for one foot of overdraft. This parameter was set to one-half foot below project 
depth for the majority of reaches in this analysis, and to two feet below project 
depth in the PCB "hot spot" areas. It is recognized that this is not a fully accurate 
assumption in that dredging is normally done with one foot of overdraft (more if 
there is wave action, like in the outer harbor area). However, this analysis is not 
particularly sensitive to this assumption, in that over dredging in one year 
translates to reduced dredging requirements in future years (Le. the effects balance 
and cancel out). 

h. SLOUGHING - This parameter gives the number of horizontal units per 
vertical units for stable overbanks (see the next section for an overview of the 
procedure used). A value of "0" is for no sloughing, and any other number is the 
number of horizontal units. 

i. BESTPLAN - This parameter defines the procedure to be used for computing 
dredging depths when a detailed plan is not used (see the next section for the 
procedures used). A value of "-1" is for an automatic plan, "0" is for no best plan, 
"1" is for best depth, and "2" is for best volume. 

j .  LPRNCNTL - This parameter gives the selected variable to output into a 
LOTUS 1-2-3 print file, "0" for no output; 1 ,2  and 3" for depth sloughed into the 
federal channel, right bank and left bank; "4 and 5" for the volumes in the right 
and left bank; "6,7 and 8" for depth sediments deposited into the federal channel, 
left bank or right bank; "9, 10 and 11" for the depth in the federal channel, right 
bank or left bank; "1 2 and 13" depths and volumes dredged fiom the federal 
channel; and "14 and 15" for the stage or volume in each cell of the CDF. 

k. INPUT FILE NAMES - File names are given for the input "GEOMETRY" and 
"DREDGING PLAN" files. 

1. OUTPUT FILE NAMES - File names are given for the "DETAILED 
OUTPUT" and "LOTUS PRINT" files. 
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4.3 MODEL PROCEDURES 

4.3.1 The procedures to be discussed in this section include both the basic sequencing of 
operations in the model, and the detailed methodologies for computing sedimentation 
depths, sloughing depths and dredging depths (assigned and best plan). The sequencing 
of the models operations is as follows: 

a. The sedimentation rate versus depth information is read from data statements. 

b. The control, geometry and dredging plan (depending on the LEVEL 
parameter) files are opened and read. 

c. The analysis for baseline conditions is performed for each year (depending on 
the LEVEL parameter). This analysis consists of: (1) determine if sloughing 
occurs and rebalance the depths if it has; (2) based on the METHOD variable, 
compute the amounts of sediments deposited each year; (3) compute averages of 
yearly values; and (4) output the detailed and LOTUS results. 

d. The analysis for a dredging plan is performed for each year (depending on the 
LEVEL parameter). This analysis consists of: (1) determine if sloughing occurs 
and rebalance the depths if it has; (2) based on the METHOD variable, compute 
the amounts of sediments deposited each year; (3) remove any assigned dredging 
volumes for given reaches of the federal channel; (4) remove any dredging 
volumes, based on a "Best Plan", for computed reaches of the federal channel; ( 5 )  
compute averages of yearly values; and (6) output the detailed and LOTUS print 
file results. 

e. Close files and end run. 

4.3.2 As indicated above, the methodologies to be described in detail are those for 
computing sedimentation depths, sloughing depths and dredging "Assigned and Best 
Plan" depths. 

a. Sedimentation Depths - The geometry input by the model includes, for each 
reach, the initial depth in both the federal and non-federal channels as well as a 
steady state (or equilibrium) rate of sedimentation and a dredged (or refilling) rate 
of sedimentation. The dredging model includes a large number of options for 
computing the rate of sedimentation, and the method described here is for the 
option used in this analysis (see the following section on Results for a discussion 
of this selection and additional details). For each year, sedimentation rates are 
determined by the following process: 
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- The average depth of sediments for all reaches currently being model is 
first computed. 

- The sediment rate is then determined by comparing the average depth to 
a refilling depth and a steady state depth. The maximum rate used is the 
refilling rate and the minimum the steady state rate. All values in between 
are interpolated based on depth. 

b. Sloughing Depths - The Indiana Harbor and Canal are still in use, and as such 
ships travel up and down the channel effectively plowing sediments from the 
federal channel into non-federal areas. This leads to a condition in which the 
depths in the non-federal areas may be significantly hgher than those in the 
federal channels. However, these high non-federal overbank areas are not stable, 
and material tends to slough back into the federal channel. It has been estimated 
by the District's Geotechnical Branch, that because of the nature of the sediments, 
the overbank areas are not stable if the slope exceeds one on ten. To account for 
this instability a sloughing effect has been incorporated into the model for each 
year, and for each reach by using the following procedures: 

- initially, a right and left length and right and left average width of 
overbank for each reach are read from the geometry file 

- a "stable" volume of sediments is computed using the lengths, widths and 
slope - the slope is input as the SLOUGHING variable (as noted above, for 
this analysis SLOUGHING is set to a value of ten) 

- then, using the areas and average existing depths in the non-federal areas, 
right and left "actual" volumes are computed 

- if the actual volumes exceeds the stable volumes sloughing occurs 

- the actual sloughing process involves: (1)  computing the total volumes 
in the reach above the project depth; (2) subtracting out the stable volumes 
for the overbanks; (3) computing a new average depth for the reach by 
dividing the remaining volume of sediments by the total surface area of 
the reach; and finally (4) adjusting the depth in the non-federal areas by 
adding back in the stable volumes and recomputing an average depth 

c. Dredging "Assigned and Best Plan" Depths - For each year the volumes to be 
dredged are either read from the dredging plan file or computed from a given 
allowed lift in a specific cell of the CDF. The dredging volumes read are either 
"assigned" to a specific reach or the volume is allocated by the model using a 
"best plan". Dredging volumes computed for the "automatic plan" are either 
assigned to priority areas (i.e. those dredged first) or a "best depth'' plan. All 
dredging is performed only in the federal channel. 
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- for assigned volumes the method is to: (1) compute the volume in the 
assigned reach; (2) subtract the assigned volume from computed volume; 
and (3) recompute the depth (note: it is permissible for this depth to be 
below the DRAFT depth) 

- for volumes to be allocated using ''best depths" the procedure is to: (1) 
select a reach to be dredged based on the highest elevation; (2) compute 
the volume in the selected reach; (3) if the computed volume is greater 
than the "best plan" volume, then subtract the "best plan" volume fiom 
computed volume - otherwise subtract the computed volume from the 
"best plan" volume and then zero out the computed volume; (4) recompute 
the depth (note: this depth may not be below the DRAFT depth); and (5) 
continue if there is any remaimng ''best plan" volume 

- for volumes to be allocated using "best volumes" the procedure is to: (1) 
compute volumes for all reaches; (2) select a reach to be dredged based on 
the highest volume; (3) if the computed volume is greater than the "best 
plan" volume, then subtract the "best plan" volume from computed 
volume - otherwise subtract the computed volume from the "best plan" 
volume and then zero out the computed volume; (4) recompute the depth 
(note: this depth may not be below the DRAFT depth); and (5) continue if 
there is any remaining "best plan" volume 

- for volumes to be allocated the "automatic plan" the procedure is to: (1) 
compute a total volume to be dredged for all priority areas; (2) if this 
priority volume is greater than the allowed volume, then allocate dredging 
to minimize the maximum depth in any priority area; (3) if the computed 
priority volume is less than the allowed volume, then zero out the priority 
areas and reassign the remaining volume to a "best depth" plan for non- 
priority areas. This is the procedure used in the alternative analysis 
presented in the next section. 
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5. RESULTS 

5.1 Utilizing the dredging simulation model, baseline conditions were analyzed and 
dredging plans were developed for the Partial, Complete and Cooperative Plans. 
Additionally, reductions in the volumes of sediments normally discharged to Lake 
Michigan, given each of the plans, were also computed. 

5.2 BASELINE DEPTHS 

5.2.1 Prior to discussing the dredging plans, it is appropriate to describe the adopted 
baseline conditions and the results of model runs given these conditions. To perform a 
baseline analysis, it is necessary to obtain values for initial elevations and to adopt a 
sedimentation rate. As asserted below, the adopted initial elevations are based on those 
from the 1994 soundings, and the long term sedimentation rate is based on interpolating 
between a steady state rate and a refilling rate. 

5.2.2 As indicated in the Data Analysis section, 1994 is the year for which sounding 
data is complete. Data is available for reaches 1 through 13. Additionally, surveys were 
taken for the entire extent of the cross-section, right up to the dock walls. 

5.2.3 At this phase of the study, when the construction dates and the date at which 
dredging will be initiated are still subject to change, it is appropriate to generalize the 
results of this simulation. When specific dates are established, and soundings that cover 
the entire overbank areas are taken, then specific elevations can be used and the analysis 
updated. The initial elevations for this generalized analysis are assumed to be at average 
or "normal" depth. As was shown in the Data Analysis section, the soundings for 1994 
have been shown to be at approximately a normal, and will be used as a starting 
elevations. 

5.2.4 The method adopted for the computation of sedimentation rates for this analysis 
is a based on utilizing a steady state sedimentation rate and a refilling sedimentation rate. 

a. As described in the Data Analysis section, the rate for 1972 through 1990 has a 
value of -.02 feetlyear. For the this generalized analysis, an approximate steady 
state rate of 0.0 feetlyear is appropriate for use. 

b. The Data Analysis section also gives a rapid refilling rate of 0.24 feetlyear for 
the period from 1984/5 to 1989. However, the controlling factor on the 
sedimentation rate would be the availability of sediments. As discussed below in 
the section on the Reduction of Sediments to Lake Michigan the No Action 
Alternative Appendix (appendix C) gives a total loading to the basin of 152,000 
cubic yards per year. If one assumes a trap efficiency of 65% (from the Brune 
Method) then there are about 100,000 cubic yards available for sedimentation 
each year. Considering the surface area of downstream five reaches this would 
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translate to a rate of about 0.20 feeuyear, and considering the entire harbor and 
canal the maximum rate would be 0.16 feetlyear. These values are reasonably 
consistent with the refilling rate from the Data Analysis section and will be used 
in this generalized analysis. 

c. As described in the Dredging Model section, the sedimentation method used for 
this analysis consists of comparing the average depth of the area being evaluated 
to a refilling depth and a steady state depth. The Data Analysis also showed that 
there was little variation in the depths in the harbor and canal. Therefore, as 
suggested by the data, it is reasonable to use the depth of the maximum dredged 
scenario (MDS) as a refilling depth, and one foot above depth of the MDS as the 
steady state depth. It should be noted that the MDS depth, because of the 
material assumed in the areas outside of the federal channel at a one on ten side 
slope, is on average 3.7 feet above project depth 

In actuality there are substantial variations in these rates and depths. Strong fluctuations 
will exist as the canal is flushed out by storm events and then refilled with high 
sedimentation rates. But in general, these adopted steady state and refilling rates and 
depths are acceptable long term average values. 

5.2.5 It should also be noted here, that for baseline and dredging conditions, the only 
scenario to be analyzed will be for the case in which no major storms occur. It is 
recognized that this violates the reality of the dynamic equilibrium process through which 
the sediment cycle functions. However, to properly analyze the situation it would be 
necessary to model a collection of storm scenarios, and then weight the outcomes in a 
fashion similar to that used in composite storm analyses. The level of effort, as well as 
the necessary data requirements, ensure that this type of activity is well outside of the 
scope of this project. 

5.2.6 In defense of the elimination of the consideration of other storm scenarios, it 
should be noted that only a major storm event would effect the basin. Further, having a 
major event within the near term (i.e. within the first few years of project operation) is not 
extremely likely, and economic impacts outside of the near term would be heavily 
discounted (and thus, not play a significant role in any decision making). Additionally, 
ths scenario will be used for project conditions, as well as non-project conditions, and. in 
general the errors in the estimation of benefits would be canceled out by the errors in 
estimation of dredging costs. 

5.2.7 The baseline run was executed using the 1994 sounding elevations for reaches 1 
through 13, and steady state and refilling sedimentation rates of 0.0 feeuyear and 
0.16 feeuyear, respectively. These values are displayed in table Q- 1 1, which also gives 
the geometry data necessary for the model run. The geometry table gives the areas, 
lengths and widths necessary for the computation of sedimentation and sloughing effects. 
The definition of the federal channel, right bank and left bank areas is shown on plates Q- 
10 through 4-12. 
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Table Q-11: Baseline Conditions Geometry File 

RCH AREA-FED AREA-NRB AREA-NLB DPTH-FED DPTH-NRB DPTH-NLB 

1 2,217,798 441,125 548,673 
2 1,947,848 344,692 608 , 320 
3 1,176,838 774,480 541,092 
4 2,644,745 699,734 18 , 666 
5 987 , 581 100,249 159,791 
6 251,025 21,696 38,764 
7 248,816 56,220 33,425 
8 351,637 224,707 367 , 638 
9 371,207 50,870 198,154 
10 163,078 23,077 20,351 
11 394,701 43,792 77,031 
12 187,771 75,302 24,765 
13 640,185 77,541 48,824 

-1.54 
1.21 
-0.56 
2.73 
-1.89 
-3.07 
-3.42 
0.88 
2.21 
-1.99 
-0.56 
2.57 
8.65 

-1.06 
10.24 
-0.16 
13.95 
0.94 
6.14 
0.99 
13.90 
11.06 
3.90 
4.97 
14.74 
13.26 

5.67 
10.33 
11.77 
12.39 
2.23 
5.89 
7.75 
14.89 
13.50 
1.12 
4.13 
2.92 
11.73 

Notes: REACH Reaches 1 through 13 
AREA-FED Area of the federal channel (square feet) 
AREA-NRB Area of the right overbank (square feet) 
AREA-NLB Area of the left overbank (square feet) 
DPTH-FED Depth of the federal channel (feet) 
DPTH-NRB Depth of the right overbank (feet) 
DPTH-NLB Depth of the left overbank (feet) 

RCH LEN-NRB LEN-NLB SLP-NRB SLP-NLB DEP-EQL DPTH-EQL DEP-DRG DPTH-DRG 

1 2,771 2,763 10 10 0.00 4.70 0.16 
2 2,489 2,705 10 10 0.00 4.70 0.16 
3 1,201 1,975 10 10 0.00 4.70 0.16 
4 4,365 336 10 10 0.00 4.70 0.16 
5 3,633 3,579 10 10 0.00 4.70 0.16 
6 1,136 1,205 10 10 0.00 4.70 0.16 
7 1,198 1,215 10 10 0.00 4.70 0.16 
8 2,201 2,193 10 10 0.00 4.70 0.16 
9 1,918 1,156 10 10 0.00 4.70 0.16 
10 1,046 1,009 10 10 0.00 4.70 0.16 
11 2,026 2,534 10 10 0.00 4.70 0.16 
12 1,122 1,116 10 10 0.00 4.70 0.16 
13 2,543 2,734 10 10 0.00 4.70 0.16 

Notes: REACH Reaches 1 through 13 
LEN-NRB Total length of right bank area (feet) 
LEN-NLB Total length of left bank area (feet) 
SLP-NRB Slope of right bank area (feet/feet) 
SLP-NLB Slope of left bank area (feet/feetl 
DEP-EQL Steady state deposition rate (feet/year) 
DPTH-EQL Steady State deposition depth (feet) 
DEP-DRG Sediment trap deposition rate (feet/year) 
DPTH-DRG Sediment trap deposition depth (feet) 

3.70 
3. 7.0 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
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5.2.8 The baseline run was executed using the above data and the results are shown in 
table 4-12, which gives annual averages, and table 4-13, which gives federal channels 
depths. Both tables give values for reaches 1 through 13, from 1995 through 2045. It is 
noted that elevations show constant growth in sediments over time. As explained above, 
this is due to the use of a '!no major storm scenario," and this increase in benefits should 
be offset by an increase in dredging costs. 

Table Q-12: Baseline Conditions Annual Averages 

RCH SLF-F SLF-R SLF-L SED-F SED-R SED-L 

1 +o.oo +o.oo 
2 +0.01 -0.04 
3 + o . o o  + o . o o  
4 +0.01 -0.05 
5 +0.01 -0.02 
6 +0.03 -0.13 
7 +0.03 -0.01 
8 +0.08 -0.08 
9 +0.03 -0.12 
10 +0.01 -0.08 
11 +0.02 -0.07 
12 +0.05 -0.12 
13 +0.01 -0.05 

+ o .  00 
+o.  00 
+ o .  00 
-0.12 
-0.03 
-0.11 
-0.17 
-0.03 
-0.02 
-0.03 
-0.05 
+O. 07 
-0.03 

+0.03 +0.03 +0.03 
+0.03 +0.03 +0.03 
+0.03 +0.03 +0.03 
+0.03 +0.03 +0.03 
+0.03 +0.03  +0.03 
+0.03 +0.03 +0.03 
+0.03 +0.03 tO.03 
+0.03 +0.03 +0.03 
+0.03 +0.03 +0.03 
+ O .  03 to. 03 + O .  03 
t0.03 +0.03 + 0 . 0 3  
+0.03 +0.03 +0.03 
+0.03 +0.03 +0.03 

RCH DPTH-F DPTH-R DPTH-L 

1 -0.16 +O. 32 +7.05 
2 +2.91 +9.83 +11.71 
3 +O. 82 +1.22 +13.15 
4 +4.82 +12.83 +7.60 
5 -0.15 t1.23 +2.08 
6 -0.20 +0.76 +1.41 
7 -0.73 +l. 62 +O. 65 
8 +6.34 +11.44 +14.72 
9 +5.08 +6.41 t13.65 
10 +O. 14 +1.24 +l. 14 
11 t1.68 +2.76 +3.20 
12 +6.59 +9.83 + I .  44 
13 +10.49 +12.01 +11.38 

Notes: RCH Reaches 1 through 13 
SLF-FED Total sloughed into federal channel (feet) 
SLF-FED Total sloughed from right bank (feet) 
SLF-FED Total sloughed from left bank (feet) 
SLF-FED Total sediment into federal chan (feet) 
SLF-FED Total sediment into right bank (feet) 
SLF-FED Total sediment into left bank (feet) 
DPTH-F Depth of federal channel (feet) 
DPTH-R Depth of right bank (feet) 
DPTH-L Depth of left bank (feet) 
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T a b l e  

Year 

Q-13: B a s e l i n e  D e p t h s  i n  t h e  F e d e r a l  Channe l  ( f e e t )  

Reach 1 Reach  2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 

1995 
1 9 9 6  
1997 
1998 
1 9 9 9  
2000 
2 0 0 1  
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2 0 1 1  
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2 0 2 1  
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029  
2030 
2 0 3 1  
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
204 1 
2042 
2043 
2044 
2045 

- 1 . 3 8  
-1 .22  
- 1 . 0 6  
- 0 . 9 0  
-0 .75  
- 0 . 6 2  
-0 .52  
- 0 . 4 3  
- 0 . 3 6  
- 0 . 3 0  
-0 .24  
- 0 . 2 0  
- 0 . 1 6  
- 0 . 1 3  
- 0 . 1 1  
-0 .08  
- 0 . 0 6  
-0 .05  
-0 .04  
- 0 . 0 3  
-0 .02  
- 0 . 0 1  

0 . 0 0  
0.00 
0 . 0 1  
0 . 0 1  
0 . 0 1  
0 . 0 2  
0 . 0 2  
0 . 0 2  
0 . 0 2  
0 . 0 2  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0.03 
0.03 
0.03 
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0.03 
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0.03 
0 . 0 3  

1 . 6 9  - 0 . 4 0  
1 . 8 5  -0 .24  
2 . 0 1  -0 .08  
2.17 0.08 
2 . 3 2  0 . 2 3  
2.44 0 . 3 6  
2 . 5 5  0 . 4 6  
2 . 6 3  0 . 5 5  
2 . 7 1  0 . 6 2  
2 . 7 7  0 . 6 8  
2 . 8 2  0 . 7 4  
2 . 8 7  0 . 7 8  
2 . 9 0  0 . 8 2  
2 . 9 4  0 . 8 5  
2 . 9 6  0 . 8 7  
2 . 9 8  0 . 9 0  
3 . 0 0  0 .92  
3 .02  0 . 9 3  
3 .03  0 . 9 4  
3 . 0 4  0 . 9 5  
3 .05  0 . 9 6  
3 . 0 6  0 . 9 7  
3 . 0 6  0.98 
3.07 0.98 
3 . 0 7  0 . 9 9  
3 . 0 8  0 . 9 9  
3 .08  0 . 9 9  
3 . 0 8  1 .00  
3 . 0 9  1 . 0 0  
3 . 0 9  1 . 0 0  
3 .09  1 . 0 0  
3 .09  1 . 0 0  
3 . 0 9  1 . 0 1  
3 . 0 9  1 . 0 1  
3 . 0 9  1 . 0 1  
3 . 0 9  1 . 0 1  
3 . 1 0  1 . 0 1  
3 . 1 0  1 . 0 1  
3 . 1 0  1 . 0 1  
3 .10  1 . 0 1  
3 .10  1 . 0 1  
3 .10  1 . 0 1  
3 .10  1 .01  
3 .10  1 . 0 1  
3 .10  1 . 0 1  
3 . 1 0  1 . 0 1  
3.10 1 . 0 1  
3.10 1 . 0 1  
3 . 1 0  1 . 0 1  
3 . 1 0  1 . 0 1  
3 . 1 0  1 . 0 1  

3 . 5 9  -1.37 - 1 . 4 2  
3 .75  - 1 . 2 1  - 1 . 2 6  
3 . 9 1  -1 .05  - 1 . 1 0  
4 . 0 7  -0 .89  -0 .94  
4 .23  -0.74 - 0 . 7 9  
4.35 - 0 . 6 2  -0 .66  
4 .46  - 0 . 5 1  -0 .56  
4.54 -0 .42  -0 .47  
4.62 -0 .35  - 0 . 4 0  
4.68 - 0 . 2 9  -0 .34  
4 .73  -0 .23  -0.28 
h .78  -0 .19  -0 .24  
4 . 8 1  -0.15 - 0 . 2 0  
4 . 8 4  -0 .12  -0 .17  
4.87 -0.10 -0 .15  
4 .89  -0.07 - 0 . 1 2  
4 . 9 1  -0 .06  -0.10 
4.93 -0.04 -0 .09  
4.94 -0 .03  - 0 . 0 8  
4.95 -0.02 -0.07 
4 .96  - 0 . 0 1  - 0 . 0 6  
4.97 0.00 - 0 . 0 5  
4 . 9 7  0 . 0 1  -0.04 
4.98 0 . 0 1  -0.04 
4 .98  0 .02  - 0 . 0 3  
4 .99  0 .02  - 0 . 0 3  
4 .99  0 .02  -0 .03  
4.99 0 .03  - 0 . 0 2  
4 . 9 9  0 .03  - 0 . 0 2  
5 . 0 0  0 .03  - 0 . 0 2  
5 . 0 0  0 .03  -0 .02  
5 . 0 0  0 .03  - 0 . 0 2  
5 . 0 0  0 . 0 3  - 0 . 0 1  
5.00 0 .03  - 0 . 0 1  
5 . 0 0  0.04 -0.01 
5 . 0 0  0.04 -0 .01  
5 . 0 0  0.04 - 0 . 0 1  
5 . 0 0  0.04 -0 .01  
5.00 0.04 - 0 . 0 1  
5.00 0.04 - 0 . 0 1  
5 . 0 1  0.04 - 0 . 0 1  
5 . 0 1  0.04 - 0 . 0 1  
5 . 0 1  0.04 - 0 . 0 1  
5 . 0 1  0.04 - 0 . 0 1  
5 . 0 1  0.04 -0 .01  
5 . 0 1  0.04 - 0 . 0 1  
5 . 0 1  0.04 -0 .01  
5 . 0 1  0.04 - 0 . 0 1  
5 . 0 1  0.04 - 0 . 0 1  
5 . 0 1  0.04 - 0 . 0 1  
5 . 0 1  0.04 - 0 . 0 1  

-1 .95  
- 1 . 7 9  
- 1 . 6 3  
- 1 . 4 7  
-1 .32  
- 1 . 1 9  
- 1 . 0 9  
-1.00 
-0 .93  
-0 .87  
- 0 . 8 1  
-0 .77  
-0 .73  
- 0 . 7 0  
-0 .68  
-0 .65  
- 0 . 6 3  
-0 .62  
- 0 . 6 1  
-0 .60  
- 0 . 5 9  
-0.58 
-0 .57  
-0 .57  
-0 .56  
- 0 . 5 6  
- 0 . 5 6  
-0 .55  
-0 .55  
-0.55 
-0 .55  
-0 .55  
-0.54 
-0.54 
- 0 . 5 4  
-0.54 
-0.54 
-0.54 
-0.54 
-0.54 
-0.54 
-0 .54  
-0.54 
-0 .54  
-0.54 
-0 .54  
-0.54 
- 0 . 5 4  
-0.54 
-0.54 
-0.54 
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5.3 PARTIAL FEDERAL CHANNEL PLAN 

5.3.1. The Partial Plan 1 consists of dredging the federal navigation channel from the 
entrance in Lake Michigan to the E.J.& E. Railroad bridge (reaches 1 through 5). These 
reaches of channel would be dredged to project depth, plus an average of one-half foot 
overdepth. The wedge-shaped berthing area along the Inland Steel Company hopper and 
stone docks in the southern 300 feet of reach 2 and the northern 1,200 feet of reach 3 
would be dredged to -28 feet LWD, plus an average of one-half foot overdepth, as shown 
on Figure 14. The Inland Steel and LTV Steel docks on either side of the canal in reach 5 
would also be dredged to -27 feet LWD, plus an average of one-half foot overdepth. In 
addition, the PCB hot spot located along the northeast bank of reach 6 would also be 
dredged to a depth of - 22 feet LWD plus an average of 2 feet of overdepth. 

5.3.2 The dredge material from the Partial Plan would be placed in the south lobe of the 
CDF (see plates 14 and 15). This lobe is approximately 3 million cubic yards in capacity. 
As described in the section on the Dredge Model, the procedure used in allocating the 
dredge volume consisted of allowing specified cells to be used in a given project year. 
Material would be placed into the cells using three foot lifts and allowed to dry for at 
least one year without any additional material placed on top. The geometry for the CDF 
is given in table 4-14 (only the south cells are used in this plan). 

Table Q-14: CDF Elevation versus Surface Area (feet vs square feet) 

SOUTHWEST CELL SOUTHEAST CELL NORTH CELL 
ELEV SURFACE AREA ELEV SURFACE AREA ELEV SURFACE AREA 

0.00 
4.00 
7.00 
10.00 
13.00 
15.00 
15.01 
16.00 
19.00 
22.00 
25.00 
25.01 
28.00 
30.00 

1,385,844 
1,445,234 
1,490,499 
1,536,384 
1,582,884 
1,614,237 
1,363,090 
1,377,669 
1,421,820 
1,466,591 
1,511,982 
1,269,456 
1,311,876 
1,340,499 

0.00 
4.00 
7.00 
10.00 
13.00 
15.00 
15.01 
16.00 
19.00 
22.00 
25.00 
25.01 
28.00 
30.00 

1,430,064 
1,491,684 
1,538,655 
1,586,274 
1,634,342 
1,667,080 
1,405,076 
1,420,193 
1,465,978 
1,512,411 
1,559,492 
1,306,243 
1,350,190 
1,379,849 

0.00 
4.00 
7.00 
10.00 
13.00 
15.00 
15.01 
16.00 
19.00 
22.00 
25.00 
25.01 
28.00 
30.00 

1,243,088 
1,303,607 
1,349,123 
1,396,460 
1,443,821 
1,475,740 
1,168,996 
1,183,676 
1,228,131 
1,273,209 
1,318,910 
1,025,998 
1,068,171 
1,096,632 
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5.3.3 The geometry for this alternative is given in table Q-15. As this scenario involves 
dredging only from the mouth through reach 5, the input geometry was limited to the 
federal channel in those reaches (1 ,2 ,3 ,4  and 5 ) ,  the berthing areas (R03, RO5 and L05) 
and the PCB hot spot (L06). The designations "R" and "L" denote the right and left 
overbank areas. As described in the baseline section above, considering the surface area 
of downstream five reaches, and availability of sediment, the sediment rate to be used for 
this plan would be 0.20 feeuyear. All other values in the geometry file, including the 
initial elevations set to the 1994 soundings, were identical with those used in the baseline 
condition run. 

Table  Q-15: P a r t i a l  Plan Geometry F i l e  

RCH AREA-FED AREA-NRB AREA-NLB DPTH-FED DPTH-NRB DPTH-NLB 

1 2 ,217 ,798  4 4 1 , 1 2 5  5 4 8 , 6 7 3  
2 1 , 9 4 7 , 8 4 8  3 4 4 , 6 9 2  608 , 320 
3 i , i 7 6 , 8 3 8  1 5 4 1 , 0 9 2  
4 2 , 6 4 4 , 7 4 5  699,734 1 8 , 6 6 6  
5 9 8 7 , 5 8 1  1 1 

RO 3 774 ,  4.80 1 1 
RO 5 1 0 0 , 2 4 9  1 1 
LO 5 1 5 9 , 7 9 1  1 1 
LO 6 3 8 , 7 6 4  1 1 

-1 .54  
1 . 2 1  

- 0 . 5 6  
2 . 7 3  

-0 .16  
0 .94  
2 . 2 3  

-1. 8 9  

5 . 8 9  

-1 .06  
1 0 . 2 4  
- 0 . 1 6  
1 3 . 9 5  

0 .94  
-0 .16  

0 . 9 4  
2 . 2 3  
5 . 8 9  

Notes:  RCH Reach 1 through 5 ,  with overbanks 
AREA-FED Area of t h e  f e d e r a l  channel (square f e e t  
AREA-NRB Area of t h e  r i g h t  overbank (square f e e t )  
AREA-NLB Area of  t h e  l e f t  overbank (square f e e t )  
DPTH-FED Depth of t h e  f e d e r a l  channel ( f e e t )  
DPTH-NRB Depth of t h e  r i g h t  overbank ( f e e t )  
DPTH-NLB Depth of  t h e  l e f t  overbank ( f e e t )  

5 . 6 7  
1 0 . 3 3  
1 1 . 7 7  
1 2 . 3 9  

2 . 2 3  
- 0 . 1 6  

0 . 9 4  
2 . 2 3  
5 . 8 9  

) 
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Table Q-15 (Cont'd): Partial Plan Geometry File 

RCH LEN-NRB LEN-NLB SLP-NRB SLP-NLB DEP-EQL DPTH-EQL DEP-DRG DPTH-DRG 

1 2 , 7 7 1  2 ,763  
2 2,489 2,705 
3 1 1,975 
4 4 ,356 3 3 6  
5 1 1 

R03 1 1 
RO 5 1 1 
LO5 1 1 
LO 6 1 1 

10 
10 
10 
10 
10 
10 
10 
10 
10 

10 0.00 
10 0.00 
10 0 . 0 0  
10 0.00 
10 0.00 
10 0.00 
10 0.00 
10 0 . 0 0  
10 0.00 

4 . 7 0  0 . 2 0  3 . 7 0  
4 . 7 0  0 . 2 0  3 . 7 0  
4 . 7 0  0 . 2 0  3 . 7 0  
4 . 7 0  0 .20  3 . 7 0  
4 . 7 0  0 . 2 0  3 . 7 0  
4 . 7 0  0 . 2 0  3 . 7 0  
4 . 7 0  0 .20  3 . 7 0  
4.70 0 . 2 0  3 . 7 0  
4 . 7 0  0 .20  3 . 7 0  

Notes: REACH 
LEN-NRB 
LEN-NLB 
SLP-NRB 
SLP-NLB 
DE P- EQL 
DPTH-EQL 
DEP-DRG 
DPTH-DRG 

Reaches 1 through 5 
Total length sf right bank area (feet) 
Total length of left bank area (feet) 
Slope of right bank area (feet/feet) 
Slope of left bank area (feet/feet) 
Steady state deposition rate (feet/year) 
Steady State deposition depth (feet) 
Sediment trap deposition rate (feet/year) 
Sediment trap deposition depth (feet) 

5.3.4 The dredging plan was based on a number of controlling factors. As prescribed in 
the Environmental Engineering Appendix F, the maximum rate at which you can fill the 
CDF is limited by the drying time between successive layer of sediments, fiom 
successive dredging operations. This requirement provided the upper limit on each 
operation, and limits the operation to three foot lifts. The plan was implemented by 
dredging the priority areas (federal channel areas 1-5 and berthing areas R03, R05 and 
L05) and alternating the use of each cell, starting with the southwest cell in 2000 and 
switching to the southeast cell in 2001. The dredging continued using this plan until 
2008, when all of the priority areas where dredged to at least project depth. In 2009 the 
PCP hot spot in LO6 was dredged out and placed into the southeast cell. After that the 
dredging cycle was switched to no dredging, southwest cell, southeast cell. This final 
cycle continued fiom 2010 until the CDF was filled to elevation 30 feet in 2027. 

5.3.5 The Partial Plan was executed using the geometric data and the dredging plan 
given above. Table 4-16 gives the annual averages, table 4-17 gives the federal channel 
depths for each reach and year, and table Q-18 gives the volumes dredged for each reach 
and year. All tables give values for the entire period of fiom 1995 through 2045. It is 
noted that the dredging plan provides reasonably low elevations throughout the project 
life. 
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Table Q-16: P a r t i a l  P lan  Annual Averages 

RCH SLF-F SLF-R SLF-L SED-F SED-R SED-L 

1 
2 
3 
4 
5 

R03 
R05 
LO5 
LO6 

+0.01 +O.OO -0 .04  + 0 . 1 7  + 0 . 1 7  + 0 . 1 7  
+ 0 . 0 7  - 0 . 1 9  - 0 . 1 1  + 0 . 1 7  + 0 . 1 7  + 0 . 1 7  
+ 0 . 0 4  - 0 . 1 2  - 0 . 0 9  +0 .17  + 0 . 1 7  + 0 . 1 7  
+ 0 . 0 7  - 0 . 2 4  - 0 . 3 1  + 0 . 1 7  +0 .17  + 0 . 1 7  
+O.OO - 0 . 1 4  - 0 . 1 7  + 0 . 1 7  + 0 . 1 7  + 0 . 1 7  
+ O . O O  - 0 . 1 2  - 0 . 1 2  + 0 . 1 7  +0 .17  + 0 . 1 7  
+ O . O O  - 0 . 1 4  - 0 . 1 4  + 0 . 1 7  +0 .17  + 0 . 1 7  
+ O . O O  - 0 . 1 7  - 0 . 1 7  +0 .17  t 0 . 1 7  + 0 . 1 7  
+ O . O O  - 0 . 2 7  - 0 . 2 7  +0 .17  + 0 . 1 7  +O.17 

RCH DPTH-D DPTH-F DPTH-R DPTH-L 

1 - 0 . 1 1  
2 - 0 . 2 2  
3 - 0 . 1 5  
4 - 0 . 2 5  
5 - 0 . 0 9  

R03 - 0 . 1 2  
R05 - 0 . 1 5  
LO5 - 0 . 1 7  
LO 6 - 0 . 2 7  

t 0 . 4 7  + 4 . 0 0  + 9 . 6 6  
+ 0 . 9 5  + 8 . 0 9  +12 .00  
-1-0.65 + 0 . 8 6  + 1 4 . 2 1  
+l .  1 2  + 9 . 4 0  + 4 . 1 5  
+ O .  3 6  + O .  5 0  + O .  50  
+O. 68 + O .  8 4  + 0 . 8 4  
+ O .  84 +l .  0 3  +l. 0 3  
+ 0 . 9 8  +1.20 +1.20 
+ 1 . 6 3  +l .  94 + 1 . 9 4  

Notes:  RCH 
SLF-FED 
SLF-FED 
SLF-FED 
SLF-FED 
SLF-FED 
SLF-FED 
DPTH-F 
DPTH-R 
DPTH-L 

Reach 
T o t a l  
T o t a l  
T o t a l  
T o t a l  
T o t a l  
T o t a l  
Depth 
Depth 
Depth 

s loughed  i n t o  f e d e r a l  chan  ( f e e t )  
s loughed  from r i g h t  bank ( f ee t )  
s loughed  from l e f t  bank ( f e e t )  
sed iment  i n t o  f e d e r a l  c h a n ( f e e t )  
s ed imen t  i n t o  r i g h t  bank ( f ee t )  
sed imen t  i n t o  l e f t  bank ( f e e t )  
of f e d e r a l  channe l  ( f e e t )  
o f  r i g h t  bank ( f e e t )  
of l e f t  bank ( f e e t )  
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Table Q-17: P a r t i a l  Plan 
Depths i n  t h e  Federa l  Channel ( f e e t )  

Year Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
204 1 
2042 
2043 
2044 
2045 

-1.34 
-1.14 
-0.94 
-0.74 
-0.54 
-0.34 
-0.14 
0.06 
0.26 
0.46 
0.61 
0.40 
0.20 
0.01 
0.21 
0.41 
-0. os 
-0.24 
-0.04 
-0.20 
-0.36 
-0.10 
-0.31 
-0.47 
-0.18 
-0.38 
-0.50 
-0.22 
-0.41 
-0.50 
-0.23 
-0.03 
0.17 
0.37 
0.57 
0.77 
0.97 
1.17 
1.37 
1.57 
1.74 
1.88 
1.99 
2.08 
2.15 
2.20 
2.25 
2.28 
2.31 
2.34 
2.35 

1.73 
1.93 
2.13 
2.33 
2.53 
2.73 
2.38 
1.86 
1.34 
0.98 
0.61 
0.40 
0.20 
0.01 
-0.50 
0.00 

-0.05 
-0.24 
0.12 
-0.20 
-0.36 
0.01 
-0.31 
-0.47 
-0.10 
-0.38 
-0.50 
-0.14 
-0.41 
-0.50 
-0.15 
0.05 
0.20 
0.41 
0.61 
0.81 
1.01 
1.21 
1.41 
1.61 
1.78 
1.92 
2.03 
2.12 
2.19 
2.24 
2.29 
2.32 
2.35 
2.38 
2.39 

-0.36 
-0.16 
0.04 
0.24 
0.44 
0.64 
0.84 
1.04 
1.24 
0.98 
0.61 
0.40 
0.20 
0.01 
-0.50 
-0.03 
-0.05 
-0.24 
0.11 
-0.20 
-0.36 
0.00 
-0.31 
-0.47 
-0.11 
-0.38 
-0.50 
-0.15 
-0.41 
-0.50 
-0.16 
0.04 
0.20 
0.41 
0.61 
0.81 
1.01 
1.21 
1.41 
1.61 
1.78 
1.92 
2.03 
2.11 
2.18 
2.24 
2.28 
2.32 
2.35 
2.37 
2.39 

3.63 
3.83 
4.03 
4.23 
4.43 
3.05 
2.38 
1.86 
1.34 
0.98 
0.61 
0.40 
0.20 
0.01 
-0.34 
0.00 

-0.05 
-0.24 
0.06 
-0.20 
-0.36 
-0.06 
-0.31 
-0.47 
-0.17 
-0.38 
-0.50 
-0.21 
-0.41 
-0.50 
-0.22 
-0.02 
0.18 
0.38 
0.58 
0.78 
0.98 
1.18 
1.38 
1.58 
1.75 
1.89 
2.00 
2.08 
2.15 
2.21 
2.26 
2.29 
2.32 
2.34 
2.36 

-1.69 
-1.49 
-1.29 
-1.09 
-0.89 
-0.69 
-0.49 
-0.29 
-0.09 
0.11 
0.31 
0.40 
0.20 
0.01 
0.21 
0.41 
-0.05 
-0.24 
-0.04 
-0.20 
-0.36 
-0.16 
-0.31 
-0.47 
-0.27 
-0.38 
-0.50 
-0.30 
-0.41 
-0.50 
-0.30 
-0.10 
0.10 
0.30 
0.50 
0.70 
0.90 
1.10 
1.30 
1.50 
1.67 
1.81 
1.92 
2.00 
2.07 
2.13 
2.17 
2.21 
2.24 
2.26 
2.28 
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Table Q-17 ( C o n t ' d ) :  P a r t i a l  P l a n  D e p t h s  

Year Rch R03 Rch R05 Rch LO5 Rch LO6 

1 9 9 5  
1 9 9 6  
1997 
1998 
1 9 9 9  
2000 
2 0 0 1  
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2 0 1 1  
2012 
2 0 1 3  
2014 
2015 
2016 
2017 
2018 
2019 
2020 

I 2 0 2 1  
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2 0 3 1  
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 

0 . 0 4  
0 . 2 4  
0 . 4 4  
0 . 6 4  
0 . 8 4  
1 . 0 4  
1 . 2 4  
1 . 4 4  
1 . 3 4  

- 0 . 9 8  
0 . 6 1  
0 . 4 0  
0 . 2 0  
0 . 0 1  
0 . 2 1  
0 . 4 1  

- 0 . 0 5  
- 0 . 2 4  
- 0 . 0 4  
- 0 . 2 0  
- 0 . 3 6  
- 0 . 1 6  
- 0 . 3 1  
- 0 . 4 7  
- 0 . 2 7  
- 0 . 3 8  
- 0 . 5 0  
- 0 . 3 0  
- 0 . 4 1  
- 0 . 5 0  
- 0 . 3 0  
- 0 . 1 0  

0 . 1 0  
0 . 3 0  
0 . 5 0  
0 . 7 0  
0 . 9 0  
1 . 1 0  
1 . 3 0  
1 . 5 0  
1 . 6 7  
1 . 8 1  
1 . 9 2  
2 . 0 0  
2 . 0 7  
2 . 1 3  
2 . 1 7  
2 . 2 1  
2 . 2 4  
2 . 2 6  
2 . 2 8  

1 . 1 4  
1 . 3 4  
1 . 5 4  
1 . 7 4  
1 . 9 4  
2 . 1 4  
2 . 3 4  
1 . 8 6  
1 . 3 4  
0 . 9 8  
0 . 6 1  
0 . 4 0  
0 . 2 0  
0 . 0 1  
0 . 2 1  
0 . 4 1  

- 0 . 0 5  
- 0 . 2 4  
- 0 . 0 4  
- 0 . 2 0  
- 0 . 3 6  
- 0 . 1 6  
- 0 . 3 1  
- 0 . 4 7  
- 0 . 2 7  
- 0 . 3 8  
- 0 . 5 0  
- 0 . 3 0  
- 0 . 4 1  
- 0 . 5 0  
- 0 . 3 0  
- 0 . 1 0  

0 . 1 0  
0 . 3 0  
0 . 5 0  
0 . 7 0  
0 . 9 0  
1 . 1 0  
1 . 3 0  
1 .50  
1 . 6 7  
1 . 8 1  
1 . 9 2  
2 . 0 0  
2 . 0 7  
2 . 1 3  
2 . 1 7  
2 . 2 1  
2 . 2 4  
2 . 2 6  
2 . 2 8  

2 . 4 3  
2 . 6 3  
2 . 8 3  
3 . 0 3  
3 . 2 3  
3 . 0 5  
2 . 3 8  
1 . 8 6  
1 . 3 4  
0 . 9 8  
0 . 6 1  
0 . 4 0  
0 . 2 0  
0 . 0 1  
0 . 2 1  
0 . 4 1  

- 0 . 0 5  
-0 .24  
- 0 . 0 4  
- 0 . 2 0  
- 0 . 3 6  
- 0 . 1 6  
- 0 . 3 1  
- 0 . 4 7  
- 0 . 2 7  
- 0 . 3 8  
-0 .50  
- 0 . 3 0  
- 0 . 4 1  
- 0 . 5 0  
- 0 . 3 0  
-0 .10  

0 . 1 0  
0 . 3 0  
0 . 5 0  
0 . 7 0  
0 . 9 0  
1 . 1 0  
1 .30 
1 . 5 0  
1 . 6 7  
1 . 8 1  
1 . 9 2  
2 . 0 0  
2 . 0 7  
2 . 1 3  
2 . 1 7  
2 . 2 1  
2 . 2 4  
2 . 2 6  
2 . 2 8  

6 . 0 9  
6 . 2 9  
6 . 4 9  
6 . 6 9  
6 . 8 9  
7 . 0 9  
7 . 2 9  
7 . 4 9  
7 . 6 9  
7 . 8 9  
8 . 0 9  
8 . 2 9  
8 . 4 9  
8 . 6 9  

-2 .00  
- 1 . 8 0  
- 1 . 6 0  
-1 .40  
- 1 . 2 0  
- 1 . 0 0  
- 0 . 8 0  
- 0 . 6 0  
- 0 . 4 0  
- 0 . 2 0  

0 . 0 0  
0 . 2 0  

- 1 . 7 8  
- 1 . 5 8  
- 1 . 3 8  
-2 .00  
- 1 . 8 0  
- 1 . 6 0  
- 1 . 4 0  
-1 .20  
- 1 . 0 0  
- 0 . 8 0  
- 0 . 6 0  
- 0 . 4 0  
- 0 . 2 0  

0 . 0 0  
0 . 1 7  
0 . 3 1  
0 . 4 2  
0 . 5 0  
0 .57  
0 . 6 3  
0 . 6 7  
0 . 7 1  
0 . 7 4  
0 . 7 6  
0 . 7 8  
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0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

' 0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
9'0T 
E-TT 
0'0 
L'1T 
E.11 
0'0 
Z'EI 
8-21 
0'0 
S*ET 
Z'ET 
0'0 
€'PI 
8'EZ 
0'0 
0.0. 
E'61 
9-61 
0'6 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 

0'0 0'0 
0'0 L*T 
0'0 0'0 
0'0 0'0 
Z'LE Z'6T 
Z'8E 9 '61 
0'0 0'0 
Z'OP S'OZ 
Z'OP S'OZ 
0'0 0'0 
1'Sb L'ZZ 
I'PP Z'ZZ 
0'0 0'0 
1'SP L'ZZ 
T'PP 8-12 
0'0 0'0 
T'Pb O'OZ 
S'PZ 9'6 
0'0 0'0 
L'E9 6'LE 
0'66 T'EZ 
6'0s L'81 
6'6s 6'LT 
S'TL 8'PZ 
P'PL O'OZ 
1-06 0'0 
0 '96 0'0 
S'L1T 0'0 
8'PST. 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 

0'0 0.0 

0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
9'E 
0'0 
0'0 
S'ZE 
Z'EE 
0'0 
9'PE 
9'PE 
0'0 
Z'8E 
S'L€ 
0'0 
Z'8E 
8'9E 
0'0 
6'€E 
E'LT 
0'0 
6-69 
9'ZP 
O'PP 
P'SP 
T'6P 
8-66 
9 '09 
6'8s 
0'6E 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
P'OE 
Z'TE 
0'0 
6'ZE 
6 ZE 
0'0 
I '9E 
L'EE 
0'0 
P'OE 
9 '6Z 
0'0 
O'ZE 
P'ES 
0'0 
0'0 
O'ZE 
6'ZE 
L'EE 
1.6 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

SbOZ 
PPOZ 
€POZ 
ZbOZ 
TPOZ 
OPOZ 
6EOZ 
8EOZ 
LEOZ 
9EOZ 
SEOZ 
PEOZ 
EEOZ 
ZEOZ 
TEOZ 
OEOZ 
6ZOZ 
8ZOZ 
LZOZ 
9zoz 
szoz 
PZOZ 
EZOZ 
zzoz 
TZOZ 
ozoz 
6102 
8TOZ 
LIOZ 
9TOZ 
STOZ 
PTOZ 
ETOZ 
zroz 
ITOZ 
0102 
6001 
8001 
LOOZ 
9001 
sooz 
POOZ 
EOOZ 
zooz 
TOOZ 
0001 
6661 
8665 
L66T 
966T 
S66T 

. .. . . . .. 



Table Q-18 (Cont'dl: P a r t i a l  Plan Volumes 

Year Rch R03 Rch R05 Rch LO5 Rch LO6 

1 9 9 5  
1 9 9 6  
1997  
1998  
1 9 9 9  
2000 
2001  
2002 
2003  
2004 
2005 
2006  
2007 
2008 
2009 
2010 
2011  
2012 
2013  
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031  
2032 
2033  
2034 
2035 
2036 
2037 
2038 
2039 
2040 
204 1 
2042 
2043 
2044 
2045 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
8 . 6  

1 6 . 4  
1 6 . 4  
1 1 . 8  
1 1 . 5  
1 1 . 2  

0 . 0  
0 . 0  

1 8 . 6  
1 1 . 2  

0 . 0  
1 0 . 3  
1 0 . 6  

0 . 0  
1 0 . 0  
1 0 . 3  

0 . 0  
8 . 9  
9 . 2  
0 . 0  
8 . 9  
8 . 3  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 .0  
0 .0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  

0.0 
0 . 0  
0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
2 . 5  
2 . 7  
2 . 1  
2 . 1  
1 . 5  
1 . 5  
1 . 4  
0 . 0  
0 . 0  
2 . 4  
1 . 4  
0 . 0  
1 . 3  
1 . 4  
0 . 0  
1 . 3  
1 . 3  
0 . 0  
1 . 2  
1 . 2  
0 . 0  
1 . 2  
1.1 
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0.0 
0 .0  
0.0 
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  

0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
2 . 2  
5 . 1  
4 . 3  
4 . 3  
3.4 
3 . 4  
2 . 4  
2 . 4  
2 . 3  
0 . 0  
0 . 0  
3 . 8  
2 . 3  
0 . 0  
2 . 1  
2 . 2  
0 . 0  
2 . 1  
2 . 1  
0 . 0  
1 . 8  
1 . 9  
0 . 0  
1 . 8  
1 . 7  
0 . 0  
0 . 0  
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0.0 
0.0 
0 . 0  
0.0 
0.0 
0 . 0  
0 . 0  
0.0 
0 . 0  
0 .0 

0 .0  
0.0 
0.0 
0 . 0  
0.0 
0 .0  
0 .0  
0 .0 
0.0 
0.0 
0 . 0  
0 .0 
0 . 0  
0.0 

1 5 . 6  
0 . 0  
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
3 . 1  
0 . 0  
0 . 0  
1 . 2  
0 . 0  
0 . 0  
0 . 0  
0.0 
0.0 
0 .0  
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
0.0 
0.0 
0 . 0  
0.0 
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5.4 COMPLETE FEDERAL CHANNEL PLAN 

5.4.1 The Complete Federal Channel Dredging Plan consists of dredging the entire 
federal navigation project to authorized depths, plus an average of one-half foot 
overdepth, from the entrance in Lake Michigan to the upstream project limits on the Lake 
George and Calumet River Branches (reaches 1 through 13). Priority would be given to 
dredging the PCB hot spots in reaches 6 and 13 in about years 2005-2006 of the dredging 
operations. Dredging in the berthing areas in reaches 1 through 5 would be the same as in 
Alternative 1 .  In addition, the berthmg area along the Inland Steel plant 3 blast furnace 
dock in reach 7 and the American Oil Company dock in the downstream 1,400 feet of 
reach 11 would be dredged to -22 feet LWD, plus an average of one-half foot overdepth. 

5.4.2 The dredge material from the Compete Plan would be placed in the south and 
north lobes of the CDF (see plates 14 and 15). These lobes have approximately 4.2 
million cubic yards in capacity. As described in the section on the Dredge Model, the 
procedure used in allocating the dredge volume consisted of allowing specified cells to be 
used in a given project year. Material would be placed into the cells using three foot lifts 
and allowed to dry for at least one year without any additional material placed on top. 
The geometry for the CDF is given in table Q-14. 

5.4.3 The geometry for this alternative is given in table Q-19. As this scenario involves 
dredging the mouth through reach 13, the input geometry consists of the federal channel 
in those reaches (1 - 13), the berthing areas (R03, R04, R05, L05, R07 and L1 1) and the 
PCB hot spots (L06, U13). As before, the designations "R1 and "L" denote the right and 
left overbank areas, and "U" denotes the upstream end. As described in the baseline 
section above, considering the surface area of the 13 reaches, and the availability of 
sediment, the sediment rate to be used for this plan would be 0.16 feetlyear. All other 
values in the geometry file, including the initial elevations set to the 1994 soundings, 
were identical with those used in the baseline condition run. 

4-34 



Table Q-19: Complete Plan Geometry F i l e  

RCH AREA-FED AREA-NRB AREA-NLB DPTH-FED DPTH-NRB DPTH-NLB . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  

RO 3 
RO 4 
RO 5 
LO5 
LO 6 
RO 7 
L11 
U13 

2 , 2 1 7 , 7 9 8  
1 , 9 4 7 , 8 4 8  
1 , 1 7 6 , 8 3 8  
2 , 6 4 4 , 7 4 5  

9 8 7 , 5 8 1  
2 5 1 , 0 2 5  
2 4 8 , 8 1 6  
3 5 1 , 6 3 7  
3 7 1 , 2 0 7  
1 6 3 , 0 7 8  
3 9 4 , 7 0 1  
1 8 7 , 7 7 1  
3 4 8 , 4 8 2  
7 7 4 , 4 8 0  
6 9 9 , 7 3 4  
1 0 0 , 2 4 9  
1 5 9 , 7 9 1  

3 8 , 7 6 4  
5 6 , 2 2 0  
2 0 , 0 3 8  

3 4  9 , 2 8 2  

4 4 1 , 1 2 5  5 4 8 , 6 7 3  
3 4 4 , 6 9 2  608,3213 

1 5 4 1 , 0 9 2  
1 1 8  , 666 
1 1 

2 1 , 6 9 6  1 
1 3 3 , 4 2 5  

2 2 4 , 7 0 7  3 6 7 , 6 3 8  
5 0 , 8 7 0  198 , 154 
2 3 , 0 7 7  2 0 , 3 5 1  
4 3 , 7 9 2  5 6 , 9 9 3  
7 5 , 3 0 2  2 4 , 7 6 5  
4 2 , 2 0 9  2 6 , 5 7 7  

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

- 1 . 5 4  
1 . 2 1  

- 0 . 5 6  
2 . 7 3  

- 1 . 8 9  
- 3 . 0 7  
- 3 . 4 2  

0 . 8 8  
2 . 2 1  

- 1 . 9 9  
- 0 . 5 6  

2 . 5 7  
8 . 6 5  

- 0 . 1 6  
1 3 . 9 5  

0 . 9 4  
2 . 2 3  
5 . 8 9  
0 . 9 9  
4 . 1 3  
9 . 3 1  

- 1 . 0 6  
1 0 . 2 4  
- 0 . 1 6  
1 3 . 9 5  

0 . 9 4  
6 . 1 4  
0 . 9 9  

1 3 . 9 0  
1 1 . 0 6  

3 . 9 0  
4 . 9 7  

1 4 . 7 4  
1 3 . 2 6  
- 0 . 1 6  
1 3 . 9 5  

0 . 9 4  
2 . 2 3  
5 . 8 9  
0 . 9 9  
4 . 1 3  
9 . 3 1  

5 . 6 7  
1 0 . 3 3  
1 1 . 7 7  
1 2 . 3 9  

2 . 2 3  
5 . 8 9  
7 . 7 5  

1 4 . 8 9  
1 3 . 5 0  

1 . 1 2  
4 .13 
2 . 9 2  

1 1 . 7 3  
- 0 . 1 6  
1 3 . 9 5  

0 . 9 4  
2 . 2 3  
5 . 8 9  
0 . 9 9  
4 . 1 3  
9 . 3 1  

Notes: REACH Reaches 1 through 13 
AREA-FED Area of t h e  f e d e r a l  channel ( square  f e e t )  
AREA-NRB Area of t h e  r i g h t  overbank (square  f e e t )  
AREA-NLB Area of t h e  l e f t  overbank (square  f e e t )  
DPTH-FED Depth of t h e  f e d e r a l  channel ( f e e t )  
DPTH-NRB Depth of t h e  r i g h t  overbank ( f e e t )  
DPTH-NLB Depth of t h e  l e f t  overbank ( f e e t )  
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Table Q-19 (Cont’d): Complete Plan Geometry File 

RCH LEN-NRB LEN-NLB SLP-NRB SLP-NLB DEP-EQL DPTH-EQL DEP-DRG DPTH-DRG 

1 2 , 7 7 1  
2 2 ,489  
3 1 
4 1 
5 1 
6 1 ,136  
7 1 
8 2 , 2 0 1  
9 1,918 

10 1 ,046  
11 2,026 
12 1,122 
1 3  1,384 

RO 3 1 
RO 4 1 
RO 5 1 
LO 5 1 
LO 6 1 
RO 7 1 
L11 1 
U13 1 

Notes : REACH 
LEN-NRB 
LEN-NLB 
SLP-NRB 
S L P -NLB 
DEP-EQL 
DPTH-EQL 
DEP- DRG 
DPTH - DRG 

2,763 
2,705 
1,975 

336  
1 
1 

1,215 
2,193 
1,156 
1,009 
1,134 
1 ,116  
1,488 

1 
1 
1 
1 
1 
1 
1 
1 

10 
10 
10  
1 0  
1 0  
1 0  
10  
1 0  
1 0  
1 0  
10  
1 0  
1 0  
1 0  
10  
1 0  
10  
1 0  
1 0  
10 
10 

10 
10  
10 
1 0  
10  
10  
10 
10 
10 
10 
10 
1 0  
10  
1 0  
1 0  
1 0  
10  
1 0  
10  
1 0  
1 0  

0 .00  
0.00 
0 .00  
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0 .00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 

4 . 7 0  0 . 1 6  
4 .70  0 . 1 6  
4 . 7 0  0 . 1 6  
4 .‘70 0 . 1 6  
4.70 0 . 1 6  
4 . 7 0  0 . 1 6  
4 . 7 0  0 . 1 6  
4 . 7 0  0 . 1 6  
4.70 0 . 1 6  
4 . 7 0  0 .16  
4 . 7 0  0 . 1 6  
4 . 7 0  0 . 1 6  
4 . 7 0  0 . 1 6  
4 . 7 0  0 . 1 6  
4 . 7 0  0 . 1 6  
4 . 7 0  0 . 1 6  
4 . 7 0  0 . 1 6  
4 . 7 0  0 . 1 6  
4 . 7 0  0 . 1 6  
4.70 0 . 1 6  
4 . 7 0  0 . 1 6  

3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  
3 . 7 0  

Reaches 1 through 1 3  
Total length of right bank area (feet) 
Total length of left bank area (feet) 
Slope of right bank area (feet/feet) 
Slope of left bank area (feet/feet) 
Steady state deposition rate (feet/year) 
Steady State deposition depth (feet) 
Sediment trap deposition rate (feet/year) 
Sediment trap deposition depth (feet) 

5.4.4 To maximize the navigation benefits, the plan was implemented by dredging the 
priority areas first (federal channel areas 1-5 and berthng areas R03, R04, R05 and L05). 
The dredging is accomplished by alternating the use of the cells, starting with the 
southwest cell in 2000 and switching to the southeast and north cells in 2001. To 
optimize navigation benefits federal channel area 8 was dredged in 2004-2005. In 2006- 
2007 the PCP hot spots in LO6 and U13 were dredged. In 2008-2009 the remaining non- 
priority areas important for navigation (federal channel 6-1 1, R07 and L1 1) were 
dredged. The dredging continued using this plan until 2009, when all of the navigation 
and heavily polluted areas were dredged to project depth at least once. After that the 
dredging cycle was switched to no dredging, southwest, southeast cell, and north cell. 
This final cycle continued from 2010 until the CDF was filled to elevation 30 feet in 
2030. 
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5.4.5 The Complete Plan was executed using the geometric data and the dredging plan 
given above. Table 4-20 gives the annual averages, table 4-21 gives the federal channel 
depths for each reach and year, and table 4-22 gives the volumes dredged for each reach 
and year. All tables give values for the entire period of from 1993 through 2042. It is 
noted that the dredging plan provides reasonably low elevations throughout the project 
life. 

Table Q-20: Complete Plan Annual Averages 

RCH SLF-F SLF-R SLF-L SED-F SED-R SED-L 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

R03 
R04 
R05 
LO5 
LO6 
R07 
L 1 1  
U13 

+o .  0 1  
+ O .  0 6  
+ 0 . 0 4  
+ o .  00  
+ o . o o  
+o. 02 
+O. 03 
+ 0 . 4 2  
+ 0 . 1 5  
+O. 04  
+ O .  04  
+0.16 
+ O .  0 6  
+ o . o o  
+ o .  0 0  
+ o . o o  
+ o . o o  
+o .  00 
+ o . o o  
+ o .  00 
+o.  00 

+ o . o o  
-0.18 
-0.12 
-0.39 
- 0 . 1 4  
-0.20 
-0.14 
-0.28 
-0.29 
-0.16 
-0.19 
-0.33 
-0.33 
-0.12 
-0.39 
- 0 . 1 4  
-0.16 
-0.25 
-0.12 
-0.19 
-0.32 

- 0 . 0 4  
- 0 . 1 0  
-0.08 
-0.31 
-0.16 
-0.22 
-0.24 
-0.23 
-0.20 
-0.10 
-0.14 
- 0 . 1 4  
-0.32 
-0.12 
-0.39 
-0.14 
- 0 . 1 6  
-0.25 
-0.12 
-0.19 
-0.32 

+ O .  1 6  
+ O .  1 6  
+ 0 . 1 6  
+ 0 . 1 6  
+ O .  1 6  
+0.16 
+0.16 
+ O .  1 6  
+0.16 
+0.16 
+0.16 
+0.16 
+0.16 
+ 0 . 1 6  
+ O .  1 6  
+ O .  1 6  
+0.16 
+ 0 . 1 6  
+ O .  1 6  
+0.16 
+ O .  16 

+ 0 . 1 6  
+ 0 . 1 6  
+ O .  1 6  
+ O .  16 
+ O .  16 

+ O .  1 6  

+ 0 . 1 6  
+0.16 

+ O .  1 6  

+ O .  16 

+ O .  16 

+ O .  16 

+ O .  16 
+ O .  16 
+ 0 . 1 6  
+ O .  1 6  
+ 0 . 1 6  
t -0 .16  
+ O .  1 6  
+ O .  1 6  
+ O .  16 

+ O .  1 6  
+ O .  1 6  
+ 0 . 1 6  
+ 0 . 1 6  
+0.16 
+ O .  1 6  

+0.16 
+0.16 
+0.16 
+ O .  16 
+ O .  16 
+ O .  16 
+0.16 
+0.16 
+0.16 
+ O .  1 6  
+0.16 
+0.16 
+0.16 
+ O .  16 

+0.16 

Notes: RCH Reach 
SLF-FED Total sloughed into federal chan(feet) 
SLF-FED Total sloughed from right bank (feet) 
SLF- FE D Total sloughed from left bank (feet) 
SLF-FED Total sediment into federal chan (feet) 
SLF-FED Total sediment into right bank (feet) 
SLF-FED Total sediment into left bank (feet) 
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Table Q-20 (Cont'd): Complete Plan 
Annual Averages 

RCH DPTH-D DPTH-F DPTH-R DPTH-L 

1 -0.10 
2 -0.21 
3 -0.15 
4 -0.18 
5 -0.08 
6 -0.06 
7 -0.08 
8 -0.55 
9 -0.29 
10 -0.10 
11 -0.14 
12 -0.31 
13 -0.34 

RO 3 -0.12 
R04 -0.40 
R05 -0.14 
LO5 -0.17 
LO6 -0.25 
R07 -0.13 
L11 -0.19 
U13 -0.32 

-0.03 +3.05 +9.03 
+0.49 +7.62 +11.52 
+0.16 +0.36 +13.71 
+O. 62 +0.84 +3.57 
-0.10 +O. 03 +O. 03 
+O. 25 +1.26 +0.35 
+o. 01 +O. 15 +1.47 
+1.73 +7.38 +10.66 
+1.69 +3.31 +10.56 
+ O S 1  +1.71 +1.62 
+O. 80 +2.02 +3.45 
+2.02 +5.67 +3.12 
+2.92 +4.78 +4.15 
+O. 18 +O. 34 +0.34 
+l. 77 +2.21 +2.21 
+O. 34 +O. 53 +0.53 
+O. 51 +0.71 +0.71 
+0.76 +l. 05 +l. 05 
+l. 02 +1.18 +l. 18 
+l. 69 +l. 92 +l. 92 
+l. 51 +1.86 +1.86 

Notes: RCH Reach 
DPTH-F Depth of federal channel (feet) 
DPTH-R Depth of right bank (feet) 
DPTH-L Depth of left bank (feet) 
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T a b l e  Q-21:  Comple te  P l a n  
Dep ths  i n  t h e  F e d e r a l  Channe l  ( f e e t )  

Year  Reach  1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 

1995 
1 9 9 6  
1997 
1998 
1999  
2000 
2 0 0 1  
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2 0 1 1  
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2 0 2 1  
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2 0 3 1  
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2 0 4 1  
2042 
2043 
2044 
2045 

-1 .38  
-1 .22  
-1 .06  
- 0 . 9 0  
- 0 . 7 5  
- 0 . 6 2  
-0 .48  
- 0 . 3 2  
- 0 . 1 6  

0 . 0 0  
- 0 . 1 0  

0 . 0 6  
0 . 2 2  
0 . 3 8  

-0 .05  
0 . 1 1  
0 . 0 0  

-0 .25  
-0.38 
-0 .22  
- 0 . 4 2  
- 0 . 5 0  
-0 .50  
-0 .34  
- 0 . 5 0  
-0 .50  
-0 .50  
-0 .30  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 3 0  
-0 .14  
-0 .36  
-0 .50  
-0 .50  
-0 .29  
-0 .13  

0 . 0 3  
0 . 1 9  
0 . 3 5  
0 . 5 1  
0 .67  
0 . 8 3  
0 . 9 9  
1 .15  
1 . 3 1  
1 . 4 7  
1 .63  
1 . 7 9  
1 . 9 4  

1 . 6 9  
1 .85  
2 . 0 1  
2.17 
2 .32  
2.44 
2 .53  
1 .90  
0 . 6 9  
0 .59  

-0 .10  
0 .36  
0 .52  
0 .68  

-0 .50  
0 .10  
0.00 

-0.25 
-0 .38  
-0.07 
-0.42 
-0 .50  
-0 .50  
-0.24 
-0.50 
-0 .50  
-0.50 
-0 .26  
-0 .50  
-0 .50  
-0 .50  
-0 .26  
-0 .10  
-0 .36  
-0 .50  
-0.50 
-0.24 
-0 .08  

0 .08  
0.24 
0 .40  
0 . 5 6  
0 .72  
0.88 
1 .04  
1 .20  
1 .36  
1 . 5 2  
1 .68  
1 .84  
2 .00  

-0 .40  
-0.24 
-0.08 

0 .08  
0 .23  
0 .36  
0 .50  
0 . 6 6  
0 .69  
0 . 5 9  

-0.10 
0 .06  
0 .22  
0 .38  

-0 .50  
-0 .05  

0.00 
-0 .25  
-0 .38  
-0 .08  
-0 .42  
-0 .50  
-0.50 
-0 .25  
-0 .50  
-0 .50  
-0 .50  
-0 .26  
-0 .50  
-0 .50  
-0 .50  
-0 .26  
-0 .10  
-0 .36  
-0 .50  
-0 .50  
-0.25 
-0 .09  

0 .07  
0 .23  
0 .39  
0 .55  
0 . 7 1  
0 .87  
1 . 0 3  
1 . 1 9  
1 .35  
1 . 5 1  
1 .67  
1 . 8 3  
1 . 9 9  

2 .94  
3 .10  
3 .26  
3 .42  
3 .57  
3 .69  
2 . 5 3  
1 . 9 0  
0 . 6 9  
0 . 5 9  

-0 .10  
0.07 
0 . 2 3  
0 . 3 9  
0 . 5 2  
0 .68  
0.00 

-0 .25  
-0 .38  
-0 .22  
-0 .42  
-0 .50  
-0 .50  
-0.34 
-0 .50  
-0 .50  
-0 .50  
-0.34 
-0 .50  
-0 .50  
- 0 . 5 0  
-0.34 
-0 .18  
-0 .36  
-0 .50  
-0 .50  
-0.34 
-0.18 
-0 .02  

0 .14  
0 .30  
0 .46  
0 .62  
0 .78  
0.94 
1.10 
1 .26  
1 . 4 2  
1 . 5 8  
1 .74  
1 . 9 0  

-1 .73  
-1.57 
- 1 . 4 1  
-1.25 
-1.10 
-0.97 
-0.83 
-0 .67  
- 0 . 5 1  
-0.35 
-0 .19  
-0.03 

0 . 1 3  
0.29 
0 .45  
0 . 6 1  
0.00 

-0.25 
-0.38 
-0 .22  
-0.42 
-0.50 
-0 .50  
-0.34 
-0.50 
-0.50 
-0 .50  
-0.34 
-0 .50  
-0 .50  
-0 .50  
-0.34 
-0 .18  
-0 .36  
-0 .50  
-0 .50  
-0.34 
-0.18 
-0 .02  

0.14 
0 .30  
0 .46  
0.62 
0.78 
0.94 
1.10 
1 .26  
1 .42  
1 .58  
1.74 
1 .90  

- 2 . 2 5  
- 2 . 0 9  
- 1 . 9 3  
-1 .77  
-1 .62  
-1 .50  
- 1 . 3 5  
-1 .19  
- 1 . 0 3  
- 0 . 8 7  
- 0 . 7 1  
-0 .55  
- 0 . 3 9  
-0 .39  
- 0 . 5 0  
-0 .32  
- 0 . 1 6  

0 . 0 0  
0 . 1 6  
0 . 3 2  
0 .48  
0 .64  
0 . 8 0  
0 . 9 6  
1 . 1 2  

-0 .50  
- 0 . 2 0  
-0 .04  

0 .12  
- 0 . 5 0  
-0 .28  
- 0 . 1 2  

0 . 0 4  
0 . 2 0  
0 . 3 6  
0 . 5 2  
0 .68  
0 .84  
1 . 0 0  
1 . 1 6  
1 . 3 2  
1 . 4 8  
1 . 6 4  
1 . 8 0  
1 . 9 6  
2 . 1 2  
2 . 2 8  
2 . 4 4  
2 . 6 0  
2 . 7 6  
2 . 9 2  

-2 .10  
-1.94 
-1 .78  
-1 .62  
-1 .47  
-1 .34  
-1 .20  
-1 .04  
-0 .88  
-0 .72  
- 0 . 5 6  
-0 .40  
-0 .24  
-0 .39  
-0 .50  
-0 .30  
-0.14 

0 .02  
0 . 1 8  
0 .34  
0 .50  
0 .66  
0 .82  
0 . 9 8  
1 . 1 4  

-0 .50  
-0 .13  

0 . 0 3  
0 . 1 9  

-0 .50  
-0.24 
-0 .08  

0 . 0 8  
0 .24  
0 . 4 0  

-0 .50  
- 0 . 2 1  
-0 .05  

0 . 1 1  
0.27 
0 . 4 3  
0 . 5 9  
0 .75  
0 . 9 1  
1 .07  
1 . 2 3  
1 . 3 9  
1 . 5 5  
1 . 7 1  
1 . 8 7  
2 .02  

4-39 



Table Q-21 (Cont'd): Complete Plan  Depths 

Year Reach 8 Reach 9 Reach10 Reach11 Reach12 Reach13 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 

5.12 
5.28 
5.44 
5.60 
5.75 
5.87 
6.02 
6.18 
6.34 
0.59 
-0.10 
2.92 
1.25 

-0.39 
-0.50 
0.99 
1.15 
1.31 
1.47 
1.63 
1.79 

-0.50 
-0.50 
0.72 
0.88 
1.04 

-0.50 
0.73 
0.05 

-0.50 
-0.50 
0.25 
0.41 
0.57 
0.15 

-0.50 
0.40 
0.56 
0.72 
0.88 
1.04 
1.20 
1.36 
1.52 
1.68 
1.84 
2.00 
2.16 
2.32 
2.48 
2.63 

3.86 
4.02 
4.18 
4.34 
4.49 
4.61 
4.76 
4.92 
5.08 
5.24 
5.40 
5.56 
-0.50 
-0.39 
-0.50 
0.18 
0.34 
0.50 
0.66 
0.82 
0.98 
-0.01 
0.61 
0.77 
0.93 

-0.49 
-0.50 
-0.02 
0.14 

-0.50 
-0.50 
-0.15 
0.01 
0.17 
0.33 
0.49 
0.65 
0.81 
0.97 
1.13 
1.29 
1.45 
1.61 
1.77 
1.93 
2.09 
2.25 
2.41 
2.57 
2.73 
2.89 

-1.09 
-0.93 
-0.77 
-0.61 
-0.46 
-0.33 
-0.19 
-0.03 
0.13 
0.29 
0.45 
0.61 
0.77 
-0.39 
-0.50 
-0.22 
-0.06 
0.10 
0.26 
0.42 
0.58 
0.74 
0.90 
1.06 
-0.50 
0.02 
-0.50 
-0.20 
-0.04 
0.12 

-0.50 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
1.26 
1.42 
1.58 
1.74 
1.90 
2.06 
2.22 
2.38 
2.54 
2.70 
2.86 

0.24 
0.40 
0.56 
0.72 
0.87 
1.00 
1.14 
1.30 
1.46 
1.62 
1.78 
1.94 
2.10 
-0.39 
-0.50 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.84 
1.02 
1.18 

-0.50 
0.03 
0.19 
0.35 
-0.50 
-0.28 
-0.09 
0.07 
0.23 
0.39 
0.03 
0.29 
0.45 
0.61 
0.77 
0.93 
1.09 
1.25 
1.41 
1.57 
1.73 
1.89 
2.05 
2.21 
2.37 
2.53 

5.25 
5.41 
5.57 
5.73 
5.88 
6.13 
6.28 
6.44 
6.60 
6.76 
6.92 
7.08 
-0.50 
-0.39 
-0.50 
0.08 
0.24 
0.40 
0.56 
0.72 
0.88 
1.04 
-0.50 
0.25 
0.41 
9.57 
-0.50 
0.09 
0.25 
-0.50 
-0.50 
-0.17 
-0.01 
0.15 
0.31 
0.47 
0.63 
0.79 
0.95 
1.11 
1.27 
1.43 
1.59 
1.75 
1.91 
2.07 
2.23 
2.39 
2.55 
2.71 
2.86 

9.26 
9.42 
9.58 
9.74 
9.89 
10.02 
10.16 
10.32 
10.48 
10.64 
10.80 
10.96 
-0.50 
-0.39 
-0.50 
-0.24 
-0.08 
0.08 
0.24 
0.40 
0.56 
0.72 
0.88 
1.04 
0.00 
0.36 
-0.50 
-0.17 
-0.01 
0.15 
-0.50 
-0.21 
-0.05 
0.11 
0.27 
0.43 
0.59 
0.75 
0.91 
1.07 
1.23 
1.39 
1.55 
1.71 
1.87 
2.03 
2.19 
2.35 
2.51 
2.67 
2.83 

4-40 



Table Q-21 (Cont'd): Complete Plan 
Depths 

Year Rch R03 Rch R04 Rch R05 Rch LO5 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2035 
2039 
2040 
2041 
2042 
204 3 
204 4 
2045 

0.00 
0.16 
0.32 
0.48 
0.63 
0.76 
0.90 
1.06 
0.69 
0.59 
-0.10 
0.06 
0.22 
0.38 
-0.50 
-0.34 
-0.18 
-0.25 
-0.38 
-0.22 
-0.42 
-0.50 
-0.50 
-0.34 
-0.50 
-0.50 
-0.50 
-0.34 
-0.50 
-0.50 
-0.50 
-0.34 
-0.18 
-0.36 
-0.50 
-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
1.26 
1.42 
1.58 
1.74 
1.90 

14.11 
14.27 
14.43 
14.59 
14.74 
8.80 
2.53 
1.90 
0.69 
0.59 
-0.10 
0.06 
0.22 
0.38 
-0.50 
-0.34 
-0.18 
-0.25 
-0.38 
-0.22 
-0.42 
-0.50 
-0.50 
-0.34 
-0.50 
-0.50 
-0.50 
-0.34 
-0.50 
-5.50 
-3.50 
-0.34 
-0.18 
-0.36 
-3.50 
-0.50 
- c .  34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
i.26 
1.42 
1.58 
1.74 
1.90 

1.10 2.39 
1.26 2.55 
1.42 2.71 
1.58 2.87 
1.73 3.02 
1.86 3.15 
2.00 2.53 
1.90 1.90 
0.69 0.69 
0.59 0.59 
-0.10 -0.10 
0.06 0.06 
0.22 0.22 
0.38 0.38 
-0.50 -0.50 
-0.34 -0.34 
-0.18 -0.18 
-0.25 -0.25 
-0.38 -0.38 
-0.22 -0.22 
-0.42 -0.42 
-0.50 -0.50 
-0.50 -0.50 
-0.34 -0.34 
-0.50 -0.50 
-0.50 -0.50 
-0.50 -0.50 
-0.34 -0.34 
-0.50 -0.50 
-0.50 -0.50 
-0.50 -0.50 
-0.34 -0.34 
-0.18 -0.18 
-0.36 -0.36 
-0.50 -0.50 
-0.50 -0.50 
-0.34 -0.34 
-0.18 -0.18 
-0.02 -0.02 
0.14 0.14 
0.30 0.30 
0.46 0.46 
0.62 0.62 
0.78 0.78 
0.94 0.94 
1.10 1.10 
1.26 1.26 
1.42 1.42 
1.58 1.58 
1.74 1.74 
1.90 1.90 

4-4 1 



Table Q-21 (Cont'd): Complete Plan Depths 

Year Rch LO6 R c h  R07 Rch L11 Rch U 1 3  

1 9 9 5  
1 9 9 6  
1997 
1998  
1 9 9 9  
2000 
2001  
2002 
2 0 0 3  
2004 
2005 
2006  
2007 
2008 
2009 
2010 
2011  
2012 
2013  
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021  
2022 
2023  
2024 
2025 
2026 
2027 
2G28 
2029 
2030 
2031  
2032 
2033  
2034 
2035  
2036 
2037 
2038 
2039 
2040 
2041  
2042 
2043 
2044 
2045 

6 . 0 5  
6 . 2 1  
6 . 3 7  
6 . 5 3  
6 . 6 8  
6 . 8 1  
6 . 9 5  
7 . 1 1  
7 . 2 7  
7 . 4 3  
7 . 5 9  
-1.11 
-2 .00  
-1 .84  
-1 .68  
- 1 . 5 2  
-1 .36  
- 1 . 2 0  
-1 .04  
- 0 . 8 8  
- 0 . 7 2  
- 0 . 5 6  
- 2 . 0 0  
-1 .84  
- 1 . 6 8  
-1 .52  
-2 .00  
-1 .84  
- 1 . 6 8  
- 1 . 5 2  
- 2 . 0 0  
-1 .84  
- 1 . 6 8  
- 1 . 5 2  
- 1 . 3 6  
- 1 . 2 0  
-1 .04  
- 0 . 8 8  
- 0 . 7 2  
- 0 . 5 6  
- 0 . 4 0  
- 0 . 2 4  
- 0 . 0 8  

0 . 0 8  
0 . 2 4  
0 . 4 0  
0 . 5 6  
0 . 7 2  
0 . 8 8  
1 . 0 4  
1 . 2 0  

1 .15 
1.31 
1 . 4 7  
1 . 6 3  
1 . 7 8  
1 . 9 1  
2 .05  
2 . 2 1  
2 . 3 7  
2 . 5 3  
2 . 6 9  
2 . 8 5  
3 . 0 1  

- 0 . 3 9  
-0.50 
-0 .34  
-0 .18  
- 0 . 0 2  

0 . 1 4  
0 . 3 0  
0 . 4 6  
0 . 6 2  
0 . 7 8  
0 . 9 4  
1 . 1 0  

-0 .50  
-0 .34  
- 0 . 1 8  
- 0 . 0 2  

0 . 1 4  
- 0 . 5 0  
- 0 .  34 
-0 .18  
- 0 . 0 2  

G . 1 4  
0 . 3 0  
0 . 4 6  
0 . 6 2  
0 . 7 8  
0 .94  
1 . 1 0  
1 . 2 6  
1 . 4 2  
1 . 5 8  
1 . 7 4  
1 . 9 0  
2 . 0 6  
2 . 2 2  
2 . 3 8  
2 .54  
2 . 7 0  

4 . 2 9  
4 . 4 5  
4 . 6 1  
4 . 7 7  
4 . 9 2  
5 . 0 5  
5 . 1 9  
5 . 3 5  
5 . 5 1  
5 . 6 7  
5 . 8 3  
5 . 9 9  

-0 .50  
- 0 . 3 9  
- 0 . 5 0  
-0 .34  
- 0 . 1 8  
- 0 . 0 2  

0 . 1 4  
0 . 3 0  
0 . 4 6  
0 . 6 2  
0 . 7 8  
0 . 9 4  
1 . 1 0  

-0 .50  
-0 .34  
-0 .18  
- 0 . 0 2  

0 . 1 4  
- 0 . 5 0  
-0 .34  
- 0 . 1 8  
- 0 . 0 2  

0 . 1 4  
0 . 3 0  
0 . 4 6  
0 . 6 2  
0 . 7 8  
0 . 9 4  
1 . 1 0  
1 . 2 6  
1 . 4 2  
1 . 5 8  
1 . 7 4  
1 . 9 0  
2 . 0 6  
2 . 2 2  
2 . 3 8  
2 . 5 4  
2 . 7 0  

9 . 4 7  
9 . 6 3  
9 . 7 9  
9 . 9 5  

1 0 . 1 0  
1 0 . 2 3  
1 0 . 3 7  
1 0 . 5 3  
1 0 . 6 9  
1 0 . 8 5  
1 1 . 0 1  
-1.11 
-2 .00  
-1 .84  
-1 .68  
-1 .52  
-1 .36  
-1 .20  
-1 .04  
-0 .88  
-0 .72  
-0 .56  
-2 .00  
-1 .84  
-1 .68  
-1 .52  
-1 .71  
- 1 . 5 5  
- 1 . 3 9  
- 1 . 7 9  
-2 .00  
-1 .84  
-1 .68  
-1 .52  
- 1 . 3 6  
-1 .20  
-1 .04  
-0 .88  
- 0 . 7 2  
- 0 . 5 6  
-0 .40  
-0 .24  
- 0 . 0 8  

0 . 0 8  
0 . 2 4  
0 . 4 0  
0 . 5 6  
0 . 7 2  
0 . 8 8  
1 . 0 4  
1 . 2 0  

4-42 



EP-b 

0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
8'6 
0'0 
0'0 
0'0 
0'0 
0'0 
8'L 
0'0 
0'0 
0'0 
9 -91 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
6'2 
6'Z 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
E*L 
0'0 
0'0 
0'0 
S'9T 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
9'2 
S.1 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0-0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
6.S 
0.11 
P'ZT 
0'0 
0'0 
6's 
6's 
L.TT 
0'0 
6.S 
6's 
L.TT 
0'0 
6's 
8'8 
Z'E1 
0'0 
9 -01 
O'ST 
2-82 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0'0 
0'0 
0'0 
0'0 
0'0 
9'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0' 0 
0'0 
0'0 
0'0 
L'ST 
b'OE 
E 'EE 
0'0 
0'0 
L'ST 
L'ST 
E *If 
0'0 
L'ST 
L'ST 
E *1E 
0'0 
L'ST 
S'bl 
E'SE 
0'0 
P'8Z 
T'Tb 
E '18 
0'0 
6'2 
0'0 
0'0 
0'0 
E 'E8 
P'9Z 
2 - SET 
V'LL 
E '821 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0'0 
O'c! 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
1'ET 
L'PT 
6 * i1 
0'0 
0'0 
6'07: 
9 *2T 
P'LT 
0'0 
6 -01 
9-21 
6'LT 
0'0 
9'ZT 
P'LT 
B'IZ 
0'0 
L'87: 
2-61: 
P'P 
0'0 
E *SP 
0'0 
0'0 
0'0 
O'LE 
E -11 
L-s 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
P'ZZ 
L'TE 
E 'Of 
0'0 
0'0 
8'81 
6 '01 
6'8Z 
0'0 
8'87: 
9-12 
E'OE 
0'0 
9.TZ 
9-62 
8'9E 
0'0 
s * If 
E 'SE 
8-81 
3'0 
L'96 
0'0 
0'0 
0'0 
6'99 
9 - PE s - LOT O'LS 
E'P 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0'0 
0 '0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
L'61 
Z*TE 
Z*iC 
0'0 
0'0 
Z'L1 
6'81 
9 '62 
0'0 
6-91 
6.91: 
E '9Z 
0-0 
T-CT 
L'61 
9-62 
0'0 
8'EZ 
L'EE 
6-12 
0'0 
5-86 
0'0 
0'0 
0'0 
P'TZ 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

SbOZ 
PPOZ 
€60Z 
ZbOZ 
TPOZ 
OPOZ 
6C9Z 
8COZ 
LEO2 
9EOZ 
CEO2 
PEOZ 
EEOZ 
ZE oz 
if oz 
OE3Z 
6101 
szoz 
LZOZ 
9zoz 
szoz 
PZOZ 
EZOZ 
zzoz 
reoz 
ozoz 
6TOZ 
810Z 
LTOZ 
9101 
ST02 
P10Z 
ETOZ 
ZTOZ 
11oz 
oioz 
6001 
8002 
LOO2 
9ooz 
sooz 
POOZ 
E ooz 
zooz 
1002 
oooz 
6661 
8661 
L661 
9661 
S66T 



0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 9'L 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0.0 0'0 
0'0 0'0 ' 0'0 0'0 
0'0 0'0 0'0 0'0 
s.01 1-1 z-z L'P 
0'0 E'9 8-61 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
Z.E1 9'8 0'0 1.P 
0'0 0'0 6 '9Z 0'0 
S'S1 0'0 0'0 P'O1 
0'0 0'0 0'0 0'0 
0'0 8-11 S'1 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
9'L 6'8 8-11 E'€ 
P'SZ 8'81 L'8E 0'8 
0 os1 8'ES 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 

0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'9 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
9'9 
0.11 
0'0 
0'0 
1-11 
L'1Z 
0'0 
0'0 
0'0 
L'ST 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
L'L1 
1.Sf 
S'S8 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
Z.51 
9'L 
0'0 
0'0 
0'0 
Z-ZT 
1-91 
6'01 
0'0 
1'ZZ 
0'0 
0'0 
0'0 
1-zz 
6'1E 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
9'LZ 
P'8E 
8'EZ 
0'0 
P'6S 
O'LL 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
.o 0 

SPOZ 
PPOZ 
EPOZ 
ZbOZ 
1POZ 
OPOZ 
6EOZ 
8EOZ 
LEOZ 
9EOZ 
SEOZ 
Pf OZ 
EEOZ 
ZEOZ 
TEOZ 
OEOZ 
6ZOZ 
8ZOZ 
LZOZ 
9zoz 
szcz 
PZOZ 
EZOZ 
zzoz 
TZOZ 
ozoz 
6101 
810Z 
LTOZ 
91oz 
s1oz 
BTOZ 
E1OZ 
z1oz 
11oz 
OTOZ 
600Z 
8001 
LOOZ 
9ooz 
sooz 
POOZ 
EOOZ 
zooz 
1ooz 
oooz 
6661 
8661 
L661 
9661 
S661 



SP-b 

0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0-0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
6'0 
8.1 
0'2 
0'0 
0'0 
6'0 
6 '0 
6.1 
0'0 
6 '0 
6 '0 
6.1 
0'0 
6'0 
6'1 
1 'Z 
0'0 
L'T 
6'7: 
0'0 
0'0 
Z'9 
0'0 
0'0 
0'0 
0's 
S.1 
1.8 
L'P 
S'P 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
9'0 
1-1 
E.1 
0'0 
0'0 
9 '0 
9 '0 
Z'T 
0'0 
9 '0 
9 '0 
Z.1 
0'0 
9 '0 
6'0 
E - 1, 0'0 
1.1 
6'0 
0'0 
0'0 
6 'E 
0'0 
0'0 
0'0 
Z-E 
0'1 
1.S 
0-1 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
1.6 9'P 
8'L 9'8 
8'6 6'6 
0'0 0'0 
0'0 0'0 
1.6 9'6 
1.6 9'6 
E'8 2'6 
0'0 0'0 
1.P 9'6 
1.b 9'6 
E'8 1'6 
0'0 0'0 
T.6 9'P 
1'9 6 '9 
E'6 E'OT 
0'0 0'0 
S'L E'8 
0'9 9'9 
0'0 0'0 
0'0 0'0 
0 - LZ 8-62 
0'0 0'0 
0'0 0'0 
0'0 0'0 
O'ZZ P'PZ 
L'9 S'L 
S'SE Z'ST 
S'OZ 0'0 
T'99T 0'0 
E * LSI: 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 

SPOZ 
PPOZ 
EPOZ 
ZPOZ 
TPOZ 
OPOZ 
6EOZ 
8EOZ 
LEOZ 
9EOZ 
SEOZ 
PEOZ 
EEOZ 
ZEOZ 
TEOZ 
OEOZ 
6ZOZ 
8202 
LZOZ 
9zoz 
szoz 
PZOZ 
EZOZ 
zzoz 
TZOZ 
ozoz 
6101 
8TOZ 
L10Z 
9TOZ 
STOZ 
PTOZ 
E10Z 
ZTOZ 
TTOZ 
OTOZ 
6002 
8001 
LOOZ 
9001 
SOOZ 
POOZ 
EOOZ 
zooz 
1001 
0001 
6661 
8661 
L66T 
9661 
S66T 



0'0 0'0 
C'O 0'0 
0'9 C'C 
0'0 0'0 
0'0 0'0 
0'0 0'0 
C'3 C'O 
3.0 0'0 
0.3 0'0 

0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
S'O 0'0 
0'0 0-q 
0'0 0'0 
S'P 9'0 
Z'L 0'0 
0'0 0'0 
0'0 0'0 
C.6 0'0 
0'0 &*I 
9'0 0'0 
0'0 0'0 
L'OZ 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 Z'O 
0'0 0'0 
9'ET 6'6 
6 8ST 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0 '0 0'0 
0'0 0'0 
0'0 0'0 

n-n vu 

0'0 
0'0 
C'O 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
L-T 
0'0 
0'0 
0'0 
0'0 
L'€ 
0'0 
0'0 
0'0 
0'0 
0-0 
0'0 
0'0 
0'0 
0'0 
0'0 
9'0 
b'L 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0'0 
0'0 
O'C 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
6'0 
0'0 
0'0 
0'0 
6'0 
0'0 
0'0 
0'0 
E-Z 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
S.1 
L'ZS 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

SPOZ 
bPOZ 
€t3Z 
Z'Tc7Z 
T b0Z 
CPOZ 
6EOZ 
EEOZ 
L€OZ 
9EOZ 
SEOZ 
P€OZ 
€E01 
ZEOZ 
TEOZ 
CE3Z 
623Z 
6Z32 
,ZOZ 
9ZOZ 
sz0z 
PZOZ 
€101 
zzoz 
rzoz 
ozoz 
6102 
sroz 
LT3Z 
9TOZ 
STOZ 
PTOZ 
ETOZ 
zroz 
TTOZ 
oroz 
600Z 
sooz 
LOOZ 
9002 
SOOZ 
600Z 
EOOZ 
zooz 
rooz 
0001 
6661 
8661 
L667: 
366T 
S66T 



5.5 COOPERATIVE FEDERAL CHANNEL PLAN 

5.5.1 The Cooperative Federal Channel Dredging Plan includes the complete federal 
channel dredging and the associated berthing area dredging of Alternative 2, plus a one- 
time complete dredging of all of the remaining Inland Steel Company dockface areas 
from the downstream end of the hopper dock up to, but not including, the turning basin in 
reach 9. This additional dredging would occur in the northern 800 feet of reach 2 and in 
reaches 3,4 ,  6 and 8. The target depths in reaches 2,3 and 4 would be -28 feet LWD, plus 
an average of one-half foot overdepth and -22 feet LWD, plus an average of one-half foot 
overdepth in reaches 6 and 8. 

5.5.2 As in the case of the Complete Plan, the dredge material fiom the Cooperative 
Plan would be placed in the south and north lobes of the CDF (see plates 14 and 15). 
These lobes have approximately 4.2 million cubic yards in capacity. As described in the 
section on the Dredge Model, the procedure used in allocating the dredge volume 
consisted of allowing specified cells to be used in a given project year. Material would 
be placed into the cells using three foot lifts and allowed to dry for at least one year 
without any additional material placed on top. The geometry for the CDF is given in 
table 4-14. 

5.5.3 The geometry for this alternative is given in table 4-23. As this scenario involves 
dredging the mouth through reach 13, the input geometry consists of the federal channel 
in those reaches (1 - 13), the berthing areas (R03, R04, R05, L05, R06, R07, R08 and 
L1 1) and the PCB hot spots (L06, U13). As before, the designations "Rf and "L" denote 
the right and left overbank areas, and "U" denotes the upstream end. As described in the 
baseline section above, considering the surface area of the 13 reaches, and the availability 
of sediment, the sediment rate to be used for this plan would be 0.16 feevyear. All other 
values in the geometry file, including the initial elevations set to the 1994 soundings, 
were identical with those used in the baseline condition run. 
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Table Q-23: Cooperative Plan Geometry File 

RCH AREA-FED AREA-NRB AREA-NLB DPTH-FED DPTH-NRB DPTH-NLB 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12  
1 3  

RO 3 
RO 4 
RO 5 
LO 5 
RO 6 
LO 6 
R07 
RO 8 
L 1 1  
U13 

2,217,798 
1,947,848 
1,176,838 
2,644,745 

987,581 
251,025 
248,816 
351,637 
371,207 
163,078 
394,701 
187 ,771  
348,482 
774,480 
699,734 
100,249 
159 ,791  

21,696 
38,764 
56,220 

224 , 707 
20,038 

349,282 

441,125 
344 , 692 

1 
1 
1 
1 
1 
1 

50,870 
23,077 
43,792 
75,302 
42,209 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

548,673 
608 , 320  
541,092 

18,666 
1 
1 

33,425 
367 , 638 
198,154 

20 ,351  
56,993 
24,765 
26,577 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 .54  
1 . 2 1  

-0 .56  
2 .73  

-1 .89  
-3 .07  
- 3 . 4 2  

0 .88  
2 . 2 1  

- 1 . 9 9  
-0 .56  

2 .57  
8 .65  

-0 .16  
1 3 . 9 5  

0 .94  
2 .23  
6.14 
5 . 8 9  
0 . 9 9  

1 3 . 9 0  
4 . 1 3  
9 . 3 1  

- 1 . 0 6  
1 0 . 2 4  
-0 .16  
1 3 . 9 5  

0 .94  
6 .14  
0 . 9 9  

1 3 . 9 0  
1 1 . 0 6  

3 . 9 0  
4 .97  

14 .74  
1 3 . 2 6  
- 0 . 1 6  
1 3 . 9 5  

0 .94  
2 . 2 3  
6 .14  
5 . 8 9  
0 . 9 9  

1 3 . 9 0  
4 .13  
9 . 3 1  

5 .67  
10 .33  
11 .77  
1 2 . 3 9  

2 . 2 3  
5 . 8 9  
7 .75  

14 .89  
13 .50  

1 .12  
4 .13  
2 .92  

11 .73  
-0 .16  
1 3 . 9 5  

0.94 
2 .23  
6.14 
5 .89  
0 . 9 9  

13 .90  
4 .13  
9 . 3 1  

Notes: REACH Reaches 1 through 13  
AREA-FED Area of the federal channel (square feet) 
AREA-NRB Area of the righc overbank (square feet) 
AREA-NLB Area of the left overbank (square feet) 
DPTH-FED Depth of the febersl channel (feet) 
DPTH-NRB Depth of the r i s n c  overbank (feet) 
DPTH-NLB Depth of the le?: overbank (feet) 



Table Q-23 (Cont'd): Cooperative Plan Geometry File 

RCH LEN-NRB LEN-NLB SLP-NRB SLP-NLB DEP-EQL DPTH-EQL DEP-DRG DPTH-DRG 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

RO 3 
RO 4 
RO 5 
LO 5 
RO 6 
LO 6 
RO 7 
RO 8 
L11 
ili3 

2,771 
2,489 

1 
1 
1 
1 
1 
1 

1,918 
1,046 
2,026 
1,122 
1,384 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2,763 
2,705 
1,975 

336 
1 
1 

1,215 
2,193 
1,156 
1,009 
1,134 
1,116 
1,488 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

0.00 
0.00 
0.00 
0.00 
0 .00  
0 .00  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0 . 0 0  

0 
0.00 

0 
0.00 
0.00 
0.00 

0 

4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 

0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 

Notes: REACH 
LEN-NRS 
LEN-NLB 
SLP-NRE 
SLP-NLB 
DEP-EQL 
D?TH-EQI, 
E 5  P- DRG 
0 PT H - DRS 

Reaches 1 through 13 
Total length of right bank area (feet) 
Total length of left bank area (feet) 
Slope of right bank area (feet/feet) 
Slope of left bank area (feet/feet) 
Steady state deposition rate (feet/year) 
Steady State deposition depth (feet) 
Sediment rrap deposition rate (feet/year) 
Sediment trap deposition depth (feet) 

3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 

5.5.4 To maximize the navigation benefits, the plan was implemented by dredging the 
priority areas first (federal channel areas 1-5 and berthing areas R03, R04, R05 and L05). 
The dredging is accomplished by alternating the use of the cells, starting with the 
southwest cell in 2000 and switching to the southeast and north cells in 2001. In 2006- 
2007 the PCP hot spots in LO6 and U13 were dredged. In 2008-2009 the remaining non- 
priority areas important for navigation (federal channel 6-1 1, R06, R07, R08 and L1 1) 
were dredged. At the end of 2009 all of the navigation and heavily polluted areas were 
dredged to project depth at least 0nc.e. After this the dredging cycle was switched to no 
dredging, southwest, southeast cell, and north cell. This final cycle continued from 2010 
until the CDF was filled in 2030. 
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5.5.5 The Cooperative Plan was executed using the geometric data and the dredging 
plan given above. Table 4-24 gives the annual averages, table 4-25 gives the federal 
channel depths for each reach and year, and table 4-26 gives the volumes dredged for 
each reach and year. All tables give values for the entire period of from 1995 through 
2045. It is noted that the dredging plan provides reasonably low elevations throughout 
the project life. 

Table 4 - 2 4 :  Cooperative Plan Annual Averages 

RCH SLF-F SLF-R SLF-L S-E D- F SED-R SED-L 

1 +0.01 
2 + O .  0 6  
3 +0.04 
4 + o .  00 
5 +o.  00 
6 + o . o o  
7 + O .  0 3  
8 + O .  2 3  
9 + O .  1 4  
10 + O .  04  
'1 - -  +O. 04 
1 2  +0.16 
13 +3.06 

3133 + o .  00  
R 3 4  + o .  0 0  

+ o .  00 3c5 
L 3 5  + c .  00 
42 6 + o .  00 

+ o .  00 
+ o .  00  5 u  7 

R 0 8  +o .oo  
L11 +o. 00 
U i 3  + o .  00  

-7 

- .q r 
7n  
1.u 0 

+ o .  0 0  
- 0 . 1 8  
- 0 . 1 2  
- 0 . 3 9  
- 0 . 1 4  
- 0 . 2 1  
- 0 . 1 1  
- 0 . 3 7  
- 0 . 2 9  
- 0 . 1 6  
- 0 . 1 7  
- 0 . 3 2  
- 0 . 3 3  
- 0 . 1 2  
- 0 . 3 9  
- 0 . 1 4  
- 0 . 1 6  
- 0 . 2 4  
- 0 . 2 7  
- 0 . 1 4  
- 0 . 3 8  
- 0 . 2 0  
- 0 . 3 3  

- 0 . 0 4  
- 0 . 1 0  
- 0 . 0 8  
- 0 . 3 1  
- 0 . 1 6  
- 0 . 2 1  
-0 .22  
- 0 . 2 2  
- 0 . 1 9  
- 0 . 1 0  
- 0 . 1 3  
- 0 . 1 3  
- 0 . 3 1  
- 0 . 1 2  
- 0 . 3 9  
- 0 . 1 4  
- 0 . 1 6  
- 0 . 2 4  
- 0 . 2 7  
- 0 . 1 4  
- 0 . 3 8  
- 0 . 2 0  
- 0 . 3 3  

+ O .  16 
+0.16 
+O. 16 
+O. 16 
+0.16 
+0.16 
+O. 16 
+O. 16 
+ O .  16 
+O. 16 
+0.16 
+O. 16 
+O. 16 
+0.16 
+O. 16 
+0.16 
+0.16 
+0.16 
+O. 16 
+O. 16 
+0.16 
+0.16 
+ O .  16 

+0.16 
+ O .  16 
+ O .  16 
+0.16 
+0.16 
+ O .  16 
+0.16 
+0.16 
+0.16 

+0.16 
+0.16 
+0.16 
+0.16 
+0.16 
+O. 16 
+O. 16 
+O. 16 
+ O .  16 
+0.16 
+ O .  16 
+0.16 
+ O .  16 

+0.16 

+O. 16 

+O. 16 
+0.16 
+0.16 
+ O .  16 
+0.16 

+ O .  16 

+0.16 
+O. 16 
+0.16 
+0.16 
+ O .  16 
+O. 16 
+0.16 
+0.16 
+0.16 
+O. 16 
+O. 16 
+0.16 
+O. 16 
+O. 16 
+0.16 
+0.16 

Nstes: RCH Reach 
SLF-FED Total sloughed into federal chan(feet) 
SLF-FED Total sloughed from right bank (feet) 
SLF-FED Total sloughed from left bank (feet) 
SLF-FED Total sediment into federal chan(feet) 
SLF-FED Total sediment into right bank (feet) 
SL F- FE D Total sediment into left bank (feet) 
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Table Q-24 (Con t ' d ) :  Cooperative Plan 
Annual Averages 

RCH DPTH-D DPTH-F DPTH-R DPTH-L 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 

R03 
R04 
R05 
LO5 
RO 6 
LO 6 
R07 
R08 
L11 
U 1 3  

- 0 . 1 0  
- 0 . 2 1  
- 0 . 1 5  
- 0 . 1 8  
- 0 . 0 8  
- 0 . 0 3  
- 0 . 0 6  
- 0 . 3 4  
- 0 . 2 8  
- 0 . 1 0  
- 0 . 1 2  
- 0 . 3 1  
- 0 . 3 4  
- 0 . 1 2  
- 0 . 4 0  
- 0 . 1 4  
- 0 . 1 7  
- 0 . 2 4  
- 0 . 2 7  
- 0 . 1 4  
- 0 . 3 8  
- 0 . 2 0  
-0 .33  

- 0 . 0 5  
+ 0 . 4 6  
+O. 1 3  
+ O .  5 6  
- 0 . 1 3  
+ 0 . 2 1  
+ o .  47 
+ 2 . 3 1  
+ 2 . 2 1  
+ O .  66 
+l. 11 
+ 2 . 3 9  
+ 3 . 0 6  
+ O .  1 7  
+ 1 . 7 6  
+ o .  34 
+ O .  50  
+ 2 . 0 0  
+ O .  68 
+ 0 . 8 9  
+4.11 
+l.  69 
+ 1 . 4 2  

+ 3 . 0 5  
+ 7 . 5 9  
+ O .  33 
+ 0 . 7 9  
+ o .  00  
+ 0 . 2 9  
+ O .  58  
+ 2 . 7 @  
+ 3 . 8 2  
+ 1 . 8 6  
+ 2 . 3 1  
+ 6 . 0 3  
+ 4 . 9 2  
+ O .  33 
+ 2 . 2 0  
+ O .  52  
+ 0 . 7 1  
+ 2 . 2 8  
+ 0 . 9 9  
+ 1 . 0 6  
+ 4 . 5 2  
+l .  9 3  
+ 1 . 7 9  

+ 9 . 0 3  
+ 1 1 . 4 9  
+ 1 3 . 6 9  

+ 3 . 5 2  
+ o .  00  
+ 0 . 2 9  
+ 1 . 9 0  

+ 1 1 . 0 3  
+ 1 1 . 0 6  
+l. 77 
+3 .74  
+ 3 . 4 8  
+ 4 . 2 9  
+ O .  33 
+ 2 . 2 0  
+ O .  52  
+0.71 
+2 .28  
+ 0 . 9 9  
+l .  0 6  
+ 4 . 5 2  
+ 1 . 9 3  
+ 1 . 7 9  

Notes: RCH Reach 
DPTH-F Depth of f e d e r a l  channel ( f e e t )  
DPTH-R Depth of r i g h t  bank ( f e e t )  
DPTH-L Depth of l e f t  bank ( f e e t )  
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Table Q-25: Cooperat ive Plan 
Depths in t h e  Federa l  Channel ( f e e t )  

Year Reach 1 Reach 2 Reach 3 Reach 4 ?.each 5 Reach 6 Reach 7 

1995 
1996 
1997 
1998 
1999 
2030 
2c01 
2002 
2@03 
2004 
2005 
2006 
2007 
2008 
2209 
2010 
2011 
2012 
2'213 
2014 
2015 

2317 
2C18 
2019 
2223 
2321 
2022 
2 S 2 3  
2 -;. 2 4 
22.25 
2C26 
2 0 2 7  
L ; i 9  
2.229 

2231 
2032 
2033 
2034 
2035 
2,236 
2337 
2,239 
2z39 
2::;a 
224 1 
2 c 1 2  
2 0 4 3  
2044 

2016 

- - -  
e - 9 0  
L i 3 i' 

2 n  4 - U T 3  

-1.38 
-1.22 
-1.06 
-0.90 
-0.75 
-0.62 
-0.48 
-0.32 
-0.16 
0.00 
-0.44 
-0.28 
-0.12 
0.04 
0.20 
0.36 
-0.03 
-0.26 
-0.39 
-0.23 
-0.43 
-0.50 
-0.50 
-0.34 
-0.50 
-C. 50 
-0.50 
-0.30 
-0.50 
-0.50 
-0.50 
-0.30 
-0.14 
-0.36 
-0,50 
-0.50 
-0.29 
-0.13 
0.03 
0.19 
0.35 
0.51 
C.67 
G.83 
0.99 
1.15 
1.31 
1.47 
1.63 
1.79 
1.94 

1.69 
1.85 
2.01 
2.17 
2.32 
2.44 
2.53 
1.90 
0.69 
0.31 
-0.44 
0.07 
0.23 
0.39 
70.50 
0.01 
-0.03 
-0.26 
-0.39 
-0.09 
-0.43 
-0.50 
-0.50 
-0.24 
-0.50 
-0.50 
-0.50 
-0.26 
-0.50 
-0.50 
-0.50 
-0.26 
-0.10 
-0.36 
-0.50 
-0.50 
-0.24 
-0.08 
0.08 
0.24 
0.40 
0.56 
0.72 
0.86 
1.04 
1.20 
1.36 
1.52 
1.68 
1.84 
2.0c 

-0.40 
-0.24 
-0.08 
0.08 
0.23 
0.36 
0.50 
0.66 
0.69 
0.31 
-0.44 
-0.21 
-0.05 
0.11 
-0.50 
-0 .10  
-0.03 
-0.26 
-0.39 
-0.10 
-0.43 
-0 .50  
-0.50 
-0.25 
-0.50 
- C  .50 
-0.50 
-C. 26 
-0.50 
-0.50 
-0.50 
-0.26 
-0.10 
-0.36 
-Z. 50 
- c .  50 
-0.25 
-0.09 
0.07 
0.23 
0.39 
0.55 
0.71 
0.87 
1.03 
1.19 
1 - 3 5  
1.51 
1.67 

1.99 
1.83 

2.94 -1.73 -2.91 -2.10 
3.10 -1.57 -2.75 -1.94 
3.26 -1.41 -2.59 -1.78 
3.42 -1.25 -2.43 -1.62 
3.57 -1.10 -2.28 -1.47 
3.69 -0.97 -2.15 -1.34 
2.53 -0.83 -2.01 -1.20 
1.90 -0.67 -1.85 -1.04 
0.69 -0.51 -1.69 -0.88 
0.31 -0.35 -1.53 -0.72 
-0.44 -0.44 -1.37 -0.56 
-0.27 -0.28 -1.21 -0.40 
-0.11 -0.12 -1.05 -0.24 
0.05 0.04 -0.89 -0.08 
-0.01 0.20 -0.73 -0.50 
0.15 0.36 -0.57 -0.27 
-0.03 -0.03 -0.41 -0.11 
-0.26 -0.26 -0.25 0.05 
-0.39 -0.39 -0.09 0.21 
-0.23 -0.23 0.07 0.31 
-0.43 -0.43 0.23 0.53 
-0.50 -0.50 0.39 0.69 
-0.50 -0.50 0.55 0.85 
-0.34 -0.34 0.71 1.01 
-0.50 -0.50 0.87 1.17 
-0.50 -0.50 1.03 1.33 
-0.50 -0.50 -0.50 -0.50 
-0.34 -0.34 -0.34 -0.10 
-0.50 -0.50 -0.18 0.06 
-0.50 -0.50 -0.02 0.22 
-0.50 -0.50 0.14 -0.01 
-0.34 -0.34 0.30 0.20 
-0.18 -0.18 0.46 0.36 
-0.36 -0.36 0.62 0.52 
-0.50 -0.50 0.78 0.68 
-C. 50 -0.50 0.94 0.84 
-0.34 -0.34 1.10 1.00 
-0.18 -0.18 1.26 1.16 
-0.02 -0.02 1.42 1.32 
0.14 0.14 1.58 1.48 
0.30 0.30 1.74 1.64 
0.46 0.46 1.90 1.80 
0.62 0.62 2.06 1.96 
0.78 0.78 2.22 2.12 
0.94 0.94 2.38 2.28 
1.10 1.10 2.54 2.44 
1.26 i.26 2.70 2.60 
1.42 1.42 2.86 2.76 
1.58 1.58 3.02 2.92 
1.74 1.74 3.18 3.08 
1.90 1.90 3.34 3.23 
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Table Q-25 (Cont'd): Cooperative Plan Depths 

Year Reach 8 Reach 9 Reach10 Reach11 Reach12 Reach13 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 

3.92 
4.08 
4.24 
4.40 
4.55 
4.67 
4.82 
4.98 
5.14 
5.30 
5.46 
5.62 
5.78 
1.28 
-0.50 
1.87 
2.03 
2.19 
2.35 
2.51 
2.67 
-0.50 
0.55 
1.13 
1.29 
0.11 
0.96 
1.12 
1.28 

-0.50 
-0.50 
0.25 
0.41 
0.57 
0.73 
0.89 
1.05 
1.21 
1.37 
1.53 
1.69 
1.85 
2.01 
2.17 
2.33 
2.49 
2.65 
2.81 
2.97 
3.13 
3.28 

3.86 
4.02 
4.18 
4.34 
4.49 
4.61 
4.76 
4.92 
5.08 
5.24 
5.40 
5.56 
5.72 
1.28 
-0.50 
1.18 
1.34 
1.50 
1.66 
1.82 
1.98 
1.33 

-0.50 
0.59 
0.75 
0.91 
0.52 
0.90 
1.06 

-0.50 
0.35 
0.51 
0.67 
0.83 
0.44 
0.82 
0.98 
1.14 
1.30 
1.46 
1.62 
1.78 
1.94 
2.10 
2.26 
2.42 
2.58 
2.74 
2.90 
3.06 
3.22 

-1.09 
-0.93 
-0.77 
-0.61 
-0.46 
-0.33 
-0.19 
-0.03 
0.13 
0.29 
0.45 
0.61 
0.77 
0.93 
-0.50 
-0.01 
0.15 
0.31 
0.47 
0.63 
0.79 
0.95 
1.11 
1.27 
1.43 

-0.50 
0.10 
0.26 
0.42 
0.39 
-0.50 
-0.11 
0.05 
0.21 
0.37 
0.53 
0.69 
0.85 
1.01 
1.17 
1.33 
1.49 
1.65 
1.81 
1.97 
2.13 
2.29 
2.45 
2.61 
2.77 
2.92 

0.24 
0.40 
0.56 
0.72 
0.87 
1.00 
1.14 
1.30 
1.46 
1.62 
1.78 
1.94 
2.10 
1.28 

-0.50 
0.10 
0.26 
0.42 
0.58 
0.74 
0.90 
1.06 
1.22 
1.38 

-0.25 
0.27 
0.43 
0.59 
0.75 
-0.50 
-0.05 
0.11 
0.27 
0.43 
0.59 
0.75 
0.91 
1.07 
1.23 
1.39 
1.55 
1.71 
1.87 
2.03 
2.19 
2.35 
2.51 
2.67 
2.83 
2.99 
3.14 

5.25 
5.41 
5.57 
5.73 
5.88 
6.13 
6.28 
6.44 
6.60 
6.76 
6.92 
7.08 
3.72 
1.28 

-0.50 
0.79 
0.95 
1.11 
1.27 
1.43 
1.59 
1.75 

-0.50 
0.50 
0.66 
0.82 
0.98 
1.14 

-0.28 
0.43 
-0.50 
0.04 
0.20 
0.36 
0.52 
0.68 
0.84 
1.00 
1.16 
1.32 
1.48 
1.64 
1.80 
1.96 
2.12 
2.28 
2.44 
2.60 
2.76 
2.92 
3.07 

9.26 
9.42 
9.58 
9.74 
9.89 
10.02 
10.16 
10.32 
10.48 
10.64 
10.80 
10.96 
-0.50 
1.28 
-0.50 
-0.01 
0.15 
0.31 
0.47 
0.63 
0.79 
0.95 
1.11 
1.27 
1.43 

-0.50 
0.00 
0.16 
0.32 
0.48 
-0.50 
-0.15 
0.01 
0.17 
0.33 
0.49 
0.65 
0.81 
0.97 
1.13 
1.29 
1.45 
1.61 
1.77 
1.93 
2.09 
2.25 
2.41 
2.57 
2.73 
2.88 
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Table Q-25 ( C o n t ' d ) :  C o o p e r a t i v e  P l a n  D e p t h s  

Year Rch R03 Rch R04 Rch R05 Rch LO5 Rch R05 Rch LO6 

1 9 9 5  
1 9 9 6  
1 9 9 7  
1 9 9 8  
1 9 9 9  
2000  
2 0 0 1  
2002 
2 0 0 3  
2004 
2005  
2 0 0 6  
2007 
2008 
2 0 0 9  
2010 
2 0 1 1  
2012  
2 0 1 3  
2014 
2015  
2016  
2017 
2018  
2 0 1 9  
2020  
2 0 2 1  
2022 
2 0 2 3  
2024 
2025  
2026  
2027 
2028 
2029  
2030 
2 0 3 1  
2032 
2 0 3 3  
2034 
2035  
2 0 3 6  
2037 
2038 
2039  
2040 
2 0 4 1  
2042 
2043  
204 4 
2045  

0 . 0 0  
0 . 1 6  
0 . 3 2  
0 . 4 8  
0 . 6 3  
0 . 7 6  
0 . 9 0  
1 . 0 6  
0 . 6 9  
0 . 3 1  

- 0 . 4 4  
- 0 . 2 8  
- 0 . 1 2  

0 . 0 4  
0 . 2 0  
0 . 3 6  

- 0 . 0 3  
- 0 . 2 6  
- 0 . 3 9  
- 0 . 2 3  
- 0 . 4 3  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 3 4  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 3 4  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 3 4  
- 0 . 1 8  
- 0 . 3 6  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 3 4  
- 0 . 1 8  
- 0 . 0 2  

0 . 1 4  
0 . 3 0  
0 . 4 6  
0 . 6 2  
0 . 7 8  
0 . 9 4  
1 . 1 0  
1 . 2 6  
1 . 4 2  
1 . 5 8  
1 . 7 4  
1 . 9 0  

1 4 . 1 1  
1 4 . 2 7  
1 4 . 4 3  
1 4 . 5 9  
1 4 . 7 4  

8 . 8 0  
2 . 5 3  
1 . 9 0  
0 . 6 9  
0 . 3 1  

-0 .44  
- 0 . 2 8  
-0 .12  

0 . 0 4  
0 . 2 0  
0 . 3 6  

- 0 . 0 3  
- 0 . 2 6  
- 0 . 3 9  
- 0 . 2 3  
- 0 . 4 3  
- 0 . 5 0  
- 0 . 5 0  
-0 .34  
- 0 . 5 0  
- 0 . 5 0  
-0 .50  
- 0 . 3 4  
- 0 . 5 0  
-0 .50  
- 0 . 5 0  
- 0 . 3 4  
- 0 . 1 8  
- 0 . 3 6  
- 0 . 5 0  
- 0 . 5 0  
-0 .34  
- 0 . 1 8  
- 0 . 0 2  

0 .14  
0 . 3 0  
0 . 4 6  
0 . 6 2  
0 . 7 8  
0 . 9 4  
1 . 1 0  
1 . 2 6  
1 . 4 2  
1 . 5 8  
1 . 7 4  
1 . 9 0  

1 . 1 0  
1 . 2 6  
1 . 4 2  
1 . 5 8  
1 . 7 3  
1 . 8 6  
2 . 0 0  
1 . 9 0  
0 . 6 9  
0 . 3 1  

-0 .44  
- 0 . 2 8  
- 0 . 1 2  

0 . 0 4  
0 . 2 0  
0 . 3 6  

- 0 . 0 3  
- 0 . 2 6  
- 0 . 3 9  
- 0 . 2 3  
- 0 . 4 3  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 3 4  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 5 0  
-0 .34  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 5 0  
-0 .34  
- 0 . 1 8  
- 0 . 3 6  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 3 4  
- 0 . 1 8  
- 0 . 0 2  

0 .14  
0 . 3 0  
0 . 4 6  
0 . 6 2  
0 . 7 8  
0 . 9 4  
1 . 1 0  
1 . 2 6  
1 . 4 2  
1 . 5 8  
1 . 7 4  
1 . 9 0  

2 . 3 9  
2 . 5 5  
2 . 7 1  
2 . 8 7  
3 . 0 2  
3 . 1 5  
2 . 5 3  
1 . 9 0  
0 . 6 9  
0 . 3 1  

-0.44 
- 0 . 2 8  
- 0 . 1 2  

0 . 0 4  
0 . 2 0  
0 . 3 6  

- 0 . 0 3  
- 0 . 2 6  
- 0 . 3 9  
- 0 . 2 3  
- 0 . 4 3  
- 0 . 5 0  
- 0 . 5 0  
-0 .34  
- 0 . 5 0  
-0 .50  
- 0 . 5 0  
-0 .34  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 5 0  
-0 .34  
- 0 . 1 8  
- 0 . 3 6  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 3 4  
- 0 . 1 8  
- 0 . 0 2  

0 . 1 4  
0 . 3 0  
0 . 4 6  
0 . 6 2  
0 . 7 8  
0 . 9 4  
1 . 1 0  
1 . 2 6  
1 . 4 2  
1 . 5 8  
1 . 7 4  
1 . 9 0  

6 . 3 0  
6 . 4 6  
6 . 6 2  
6 . 7 8  
6 . 9 3  
7 . 0 6  
7 . 2 0  
7 . 3 6  
7 . 5 2  
7 . 6 8  
7 . 8 4  
8 . 0 0  

- 0 . 5 0  
-0 .34  
- 0 . 5 0  
- 0 . 3 4  
- 0 . 1 8  
- 0 . 0 2  

0 . 1 4  
0 . 3 0  
0 . 4 6  
0 . 6 2  
0 . 7 8  
0 . 9 4  
1 . 1 0  
1 . 2 6  

- 0 . 5 0  
-0 .34  
- 0 . 1 8  
- 0 . 0 2  

0 . 1 4  
0 . 3 0  
0 . 4 6  
0 . 6 2  
0 . 1 8  

- 0 . 5 0  
- 0 . 3 4  
- 0 . 1 8  
- 0 . 0 2  

0 . 1 4  
0 . 3 0  
0 . 4 6  
0 . 6 2  
0 . 7 8  
0 .94  
1 . 1 0  
1 . 2 6  
1 . 4 2  
1 . 5 8  
1 . 7 4  
1 . 9 0  

6 . 0 5  
6 . 2 1  
6 . 3 7  
6 . 5 3  
6 . 6 8  
6 . 8 1  
6 . 9 5  
7 . 1 1  
7 . 2 7  
7 . 4 3  
7 . 5 9  

-1.11 
- 2 . 0 0  
-1 .84  
- 1 . 6 8  
-1 .52  
- 1 . 3 6  
- 1 . 2 0  
- 1 . 0 4  
- 0 . 8 8  
- 0 . 7 2  
- 0 . 5 6  
- 0 . 4 0  
-0 .24  
-0 .08  
- 2 . 0 0  
-1 .84  
- 1 . 6 8  
- 1 . 5 2  
- 1 . 3 6  
-1 .20  
- 1 . 0 4  
- 0 . 8 8  
- 0 . 7 2  
- 0 . 5 6  
- 2 . 0 0  
- 1 . 8 4  
- 1 . 6 8  
- 1 . 5 2  
- 1 . 3 6  
- 1 . 2 0  
- 1 . 0 4  
- 0 . 8 8  
- 0 . 7 2  
- 0 . 5 6  
- 0 . 4 0  
- 0 . 2 4  
- 0 . 0 8  

0 . 0 8  
0 . 2 4  
0 . 4 0  
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Table Q-25 (Cont'd): Cooperative Plan Depths 

Year Rch R07 Rch R08 Rch L11 Rch U13 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 

1.15 
. 1.31 
1.47 
1.63 
1.78 
1.91 
2.05 
2.21 
2.37 
2.53 
2.69 
2.85 
3.01 
1.28 
-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
1.26 

-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 

-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
1.26 
1.42 
1.58 
1.74 
1.90 

14.06 
14.22 
14.38 
14.54 
14.69 
14.82 
14.96 
15.12 
15.28 
15.44 
15.60 
15.76 
-0.50 
-0.34 
-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
1.26 
-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.41 
0.57 
0.73 
0.89 
1.05 
1.21 
1.37 
1.53 
1.69 
1.85 
2.01 
2.17 
2.33 
2.49 
2.65 
2.80 

4.29 
4.45 
4.61 
4.77 
4.92 
5.05 
5.19 
5.35 
5.51 
5.67 
5.83 
5.99 
6.15 
1.28 

-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
1.26 

-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 

-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
1.26 
1.42 
1.58 
1.74 
1.90 

9.47 
9.63 
9.79 
9.95 
10.10 
10.23 
10.37 
10.53 
10.69 
10.85 
11.01 
-1.11 
-2.00 
-1.84 
-1.68 
-1.52 
-1.36 
-1.20 
-1.04 
-0.88 
-0.72 
-0.56 
-0.40 
-0.24 
-0.08 
-2.00 
-1.84 
-1.68 
-1.52 
-1.36 
-1.20 
-1.04 
-0.88 
-0.72 
-0.56 
-2.00 
-1.84 
-1.68 
-1.52 
-1.36 
-1.20 
-1.04 
-0.88 
-0.72 
-0.56 
-0.40 
-0.24 
-0.08 
0.08 
0.24 
0.40 
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Table Q-26: Cooperative Plan 
Dredging Volumes (000  cubic  yards)  

Year Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2026 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 

0.0  
0 .0  
0 .0  
0 .0  
0 . 0  
0 .0  
0 . 0  
0.0 
0 .0  
0 .0  
49.3 
0.0 
0.0 
0.0 
0.0 
0.0 
46.0 
32.0 
23.8 
0.0 
29.6 
18.9 
13.1 
0.0 
26.3 
16.4 
16.4 
0.0 
29.6 
16.9 
17.2 
0.0 
0.0 
31.2 
31.2 
19.7 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  

0 . 0  
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
4.3 
57.0 
107.5 
54.8 
77.2 
0.0 
0.0 
0.0 
75.7 
0.0 
14.4 
32.5 
31.7 
0.0 
36.1 
28.1 
20.9 
0.0 
30.3 
21.6 
18.8 
0.0 
28.9 
20.9 
18.8 
0.0 
0.0 
30.3 
31.7 
22.4 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
3 . 0  
0 . 0  
0 . 0  
0 . 0  

0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
5.7 
23.5 
39.7 
0.0 
0.0 
0.0 
33.6 
0.0 
4.4 
18.3 
18.3 
0.0 
21.4 
16.6 
12.2 
0.0 
17.9 
12.6 
10.9 
0.0 
17.4 
12.6 
10.9 
0.0 
0.0 
17.9 
18.7 
13.1 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 

128.3 
77.4 
135.2 
53.9 
99.1 
0.0 
0.0 
0.0 
21.5 
0.0 
33.3 
38.2 
29.4 
0.0 
35.3 
22.5 
15.7 
0.0 
31.3 
15.7 
15.7 
0.0 

31.3 
15.7 
15.7 
0.0 
0.0 

33.3 
30.4 
15.7 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 .0 
0 .0  
0 .0  
0.0 
0 .0  
0.0 
0 . 0  
0.0 
0.0 
0.0 
9.1 
0.0 
0.0 
0.0 
0.0 
0.0 
20.5 
14.3 
10.6 
0.0 
13.2 
8.4 
5.9 
0.0 
11.7 
5.9 
5.9 
0.0 
11.7 
5.9 
5.9 
0.0 
0.0 
12.4 
11.0 
5.9 
0.0 
0.0 
0.0 
0 . 0  
0 . 3  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0 . 0  
0.0 
0 .0  
0 . 0  
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
15.7 
0.0 
0.0 
0.0 
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0.0 
0 . 0  
0.0 
0 . 0  

0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0.0 
0.0 
0.0 
5.3 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
18.3 
0.0 
0.0 
0.0 
3.5 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 .0  
0 .0  
0 . 0  
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Table Q-26 (Cont'd): Cooperative Plan Volumes 

Year Rch R03 Rch R04 Rch R05 Rch LO5 Rch R06 Rch LO6 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
204 1 
2042 
2043 
2044 
2045 

0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0.0 
0 . 0  
0.0 
15.2 
15.5 
26.1 

0 . 0  
0.0 
0 . 0  
0.0 
0 . 0  
16.1 
11.2 
8.3 
0.0 
10.3 
6.6 
4.6 
0.0 
9.2 
4.6 
4.6 
0.0 
9.2 
4.6 
4.6 
0.0 
0.0 
9.8 
8.6 
4.6 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0.0 
0 . 0  
0 .0  
0 . 0  
0 . 0  

157.3 
166.1 
20.5 
35.5 
14.0 
23.6 
0.0 
0.0 
0.0 
0.0 
0.0 
14.5 
10.1 
7.5 
0.0 
9.3 
6.0 
4.1 
0.0 
8.3 
4.1 
4.1 
0.0 
8.3 
4.1 
4.1 
0.0 
0.0 
8.8 
7.8 
4.1 
0.0 
0.0 
0 . 0  
0.0 
0 . 0  
0 . 0  
0 .0  
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 . c  
0 . 0  
0 . 0  

0 . 0  
0 .0  
0 . 0  
0 . 0  
0 .0  
0.0 
0.0 
1.0 
5.1 
2.0 
3.4 
0.0 
0.0 
0.0 
0.0 
0.0 
2.1 
1.4 
1.1 
0.0 
1.3 
0.9 
0.6 
0.0 
1.2 
0.6 
0.6 
0.0 
1.2 
0.6 
0.6 
0.0 
0.0 
1.3 
1.1 
0.6 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0 .0  
0 .0  
0 . 0  
0 . 0  

0.0 
0 .0  
0 . 0  
0.0 
0.0 
0.0 
4.5 
4 - 7  
8.1 
3.2 
5.4 
0.0 
0.0 
0.0 
0.0 
0.0 
3.3 
2.3 
1.7 
0.0 
2.1 
1.4 
0.9 
0.0 
1.9 
0.9 
0.9 
0.0 
1.9 
0 .9  
0 . 3  
0 .3  
0.0 
2.0 
1 - 6 
0 .9  
0.2 
0.0  
0 . 0  
0.0 
0 .0  
0.5 
0 . 3  
0 . i! 
0.0  
0.0 
0 . 0  
0 . 0  
0.0  
0 . 2  
0 .0  

0 . 0  
0 .0  
0.0 
0 .0  
0 .0  
0 . 0  
0 .0  
0 .0  
0 .0  
0.0 
0.0 
0.0 
7.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
1.5 
0.0 
0.0 
0.0 
0.0  
0 . 0  
0.0 
0.0 
0.0 
1.2 
0 . 0  
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0.0  
0 . 0  
0 . 6  
0.0 
0 . 0  
0 .0  
0 . 0  

0 .0  
0 .0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 .0  
0 .0  
12.7 
1.5 
0.0 
0.0 
0.0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
2.3 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0.0 
0 . 0  
0.0 
0.0 
0 . 0  
0 . 0  
0 .0  
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Table Q-26 (Cont'd): Cooperative Plan Volumes 

Year Rch R07 Rch R08 Rch L11 Rch U13 

1995  
1 9 9 6  
1997  
1998  
1 9 9 9  
2000  
2 0 0 1  
2002 
2003  
2004 
2005 
2006  
2007 
2008 
2009  
2010  
2 0 1 1  
2012  
2013  
2014 
2015 
2016  
2017 
2018 
2019  
2020  
2 0 2 1  
2022 
2023 
2024 
2025  
2026  
2027 
2028 
2029  
2030 
2 0 3 1  
2032  
2033  
2034 
2035  
2036  
2037 
2038 
2039  
2040  
2 0 4 1  
2042 
2043 
2044 
2045  

0 .0  0 . 0  
0.0 0 .0  
0.0 0 .0  
0.0 0 .0  
0.0 0 . 0  
0.0 0 . 0  
0.0 0 .0  
0 . 0  0.0 
0.0 0 . 0  
0.0 0 .0  
0 . 0  0 . 0  
0 . 0  0 .0  
0.0 136 .7  
3 . 9  0 .0  
4 .0  2 . 7  
0 . 0  0.0 
0 . 0  0 . 0  
0 .0  0.0 
0.0 0 . 0  
0.0 0 .0  
0.0 0 .0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 .0  
0 .0  0 . 0  
4 .0  1 6 . 0  
0 .0  0 . 0  
0 .0  0 . 0  
0.0  0 . 0  
0 . 0  0 . 0  
0.0 0 .0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 .0  0 .0  
3 .0  4.4 
0 . 0  0 . 0  
0 .0  0 . 0  
0 . 0  0 .0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 .0  0 . 0  
0 . 0  0 . 0  
0.0  0 .0  
0.0 0 . 0  
0 . 0  0 . 0  
0 . 0  0 . C  
0 . 0  0 . 0  
0 .0  0 . 2  
0 . 0  0 . 0  
0.0  0 .0  

0 .0  0 . 0  
0 . 0  0 . 0  
0.0 0.0 
0.0 0 . 0  
0.0 0 . 0  
0.0 0.0 
0.0 0 . 0  
0 . 0  0.0 
0.0 0 . 0  
0 . 0  0 . 0  
0 . 0  0 .0  
0.0 1 5 8 . 9  
0.0 13 .6  
3.7 0.0 
1 . 4  0 . 0  
0.0 0 . 0  
0 .0  0 . 0  
0 .0  0 . 0  
0 .0  0 . 0  
0 . 0  0 .0  
0 .0  0 .0  
0 .0  0 . 0  
0 .0  0 . 0  
0 .0  0 . 0  
0.0 0 . 0  
0 .0  26 .9  
1 . 4  0 . 0  
0 .0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 .0  0 . 0  
0 . 0  0 . 0  
0 .0  0 . 0  
0 . 0  0 . 0  
1.1 20 .7  
0 .0  0 . 0  
0 .0  0 . 0  
0 .0  0.0 
0 .0  0 . 0  
0.0 0 . 0  
0.0 0 . 0  
0 .0  0 . 0  
0 . 0  0.0 
0 . 0  0 . 0  
0 .0  0 . 0  
0 . 0  0.0 
0.0  0 . 0  
0 . C  0 . 0  
0 .0  0 . 0  
0 .0  0 . 0  
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5.6 REDUCTION OF SEDIMENTS TO LAKE MICHIGAN 

5.6.1 Dredging the channel out for either the Partial, Complete or Cooperative scenarios 
provides additional sediment trapping capacity within the project area This sediment 
trapping results in a decrease in sediments being discharged to Lake Michigan. The 
determination of the reduction in sediment discharged is a directly computed by the 
Dredging Model. The volumes of sediment trapped in the canal and harbor are shown in 
table 4-27. The Partial Plan, in which the trapping is restricted to reaches 1-5, shows a 
savings of about 65,000 cubic yarddyear over baseline, and the Complete and 
Cooperative Plans, effective for reaches 1-1 3, show a savings of about 80,000 cubic 
yarddyear over baseline. 

5.6.2 It should be noted that the sediment rates were selected to trap approximately 
100,000 cubic/yards for the project conditions. Additionally, the sediment volumes 
trapped for all conditions is based on the assumption of no large storm washing out the 
canal and harbor. 

Table Q-27: Sediments to Lake Michigan 
(000 cubic yards/year) 

Plan Channel Right Left Total 

Baseline 13.22 3.55 3.98 19.83 
Partial 64.07 9.47 10.95 84.49 
Comp 1 et e 79.31 7.45 14.37 101.13 
Cooperate 80.75 6.00 14.37 101.12 
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6.0 SENSITIVITY ANALYSIS 

6.1 A number of sensitivity analyses were then carried out to evaluate the economic 
analyses of the dredging simulation results. The Cooperative Plan was used as the basis 
of all of the analyses. As these analyses were carried out for comparison purposes, none 
of the dredging plans utilized in the analyses were optimized. This level of detail 
accounts for some of the minor variations in the results presented in the Economic 
Analysis Appendix. Table 4-28 lists the sensitivity analyses that were performed, and 
the evaluations are presented in the economic appendix. 

Table Q-28: Sensitivity Analyses 

Parameter Range 

Consolidation 10, 20, 30 ( % )  

Draft Depth -2, -1, 0, +1, +2 (feet) 

Added Reaches 5, 6, 7, 8, 9, 10, 11, 12, 13 

Sedimentation -12, .13, -14, -15, -16, -17, .18, 
Rate .19, .20 

Notes: Parameter - Parameter varied in amlyses 
Range - Range of variation in che parameter 

4-6 1 



7.0 HYDROLOGIC AND HYDRAULIC MODELING 

7.1 Reconnaissance level continuous hydrologic simulation and unsteady state hydraulic 
models of the canal and harbor have been constructed. These models gives an indication 
of the impacts of dredging on the flow velocities in the upstream areas of the Grand 
Calumet River. This in turn allows a qualitative evaluation to be made of any erosion and 
sediment transport impacts in the upstream areas. 

7.2 OVERVIEW 

7.2.1 The continuos period hydrology was computed using USEPA's Hydrocomp 
Simulation Package - FORTRAN (HSPF), and the unsteady flow analyses was performed 
using HEC's Unsteady Network model (UNET). The results of this modeling effort w$ 
be presented in the following format: 

a. The construction of the hydrology model will be detailed through a discussion 
of the hydrometerology data and the industrial and municipal discharges and 
withdrawals used. 

b. The routing of the runoff from the subareas through the sewers to the river and 
canal will next be described. 

c. The formulation of the hydraulics model is then described through a 
description of the cross section data that was used. 

d. The calibration of the models is then overviewed by detailing the gage data, 
the hydrologic calibration and the hydraulic calibration. 

e. The results of the models are then presented in terms of a analysis of the 
simulations that have been performed. 

7.3 HYDROLOGIC MODEL 

7.3.1 Modeling storm runoff for long periods requires a multitude of data. The model 
must account for evaporation and groundwater recharge as well as rainfall-mnoff. 
Precipitation records from South Bend, Indiana were used in the model as being the most 
representative of the several gages investigated. No precipitation gages were found closer 
to the watershed with the necessary data quality and duration. Cloud cover, wind, dew 
point, solar radiation and temperatures are needed for calculating evaporation. Readings 
at O'Hare Airport were used for this meteorological data because of O'Hare's proximity to 
the Grand Calumet watershed. 

4-62 



7.3.2 Soil type, vegetation, and urbanization affect the runoff from a given storm. Soil 
information for calculating groundwater inflow and runoff came from Soil Conservation 
Service (SCS) soil maps. Vegetation and urbanization information came from maps of 
the watershed. 

7.3.3 From the above data, the hydrology program, HSPF, models runoff, groundwater 
and evaporation for extended continuous periods. HSPF keeps track of precipitation, soil 
moisture, and applicable snow cover among other factors. The model then outputs, for 
each subbasin, overland flow and subsurface flow. 

7.3.4 The Grand Calumet River system has a small watershed but is heavily urban and 
industrial. The discharges and withdrawals by industry play a major role in the water 
supply to the river. The Indiana Department of Environmental Management supplied a 
list of permitted discharges for the Grand Calumet River and Indiana Harbor Canal. The 
permittees were contacted and supplied discharge and withdrawal data for the time period 
of the study. Quality and quantity of the data varied greatly, even within the same 
industry. Most of the data were based on pump ratings and total pump hours for the 
given time interval, usually a month. For modeling purposes, the pumping was assumed 
to be constant, 24 hours a day and 7 days a week, for the entire period covered by each 
data point. Industrial discharge, primarily from the USX Gary Works, is the primary 
source of water in the Grand Calumet River west of the junction with the Indiana Harbor 
Canal (West Grand Calumet River). Gary Sewer Treatment Plant (STP) and storm runoff 
comprise the rest of the flow. LTV and Inland Steel plants both discharge into and 
withdrawal water from Indiana Harbor and the Indiana Harbor Canal below the junction 
with the Lake George Canal (Lower Indiana Harbor Canal). The Grand Calumet River 
east of the junction with the Indiana Harbor Canal (East Grand Calumet River) had no 
industrial discharges modeled though the Hammond and East Chicago STPs discharge 
into the river. Several industries discharge into the river system but at such small 
amounts that the effects are lost in the variations inherent to the model. These small 
industries were ignored for this study. 

7.3.5 STP flows include the daily discharges from the plant and pump discharges for 
storm overflows. Since treatment plant flows vary through the day and week, while the 
plants reported daily flows, the reported daily flows were not detailed enough for the 
model. Due to the lack of hourly STP flows, and because the pump ratings for the storm 
overflows are suspect, the calibration of the hydrology model was only approximate. 
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7.4 SEWER ROUTING 

7.4.1 The Special Contributing Area Loading Program (SCALP) modeled the subbasin 
hydraulics and sewer routing for the watershed. SCALP uses the flows produced by 
HSPF for storm runoff and ground water flow, and internally generates sanitary sewer 
flows. The combined flows are routed through a simplified model of the sewer system to 
the STPs and, when applicable, to the overflows. 

7.4.2 Municipal sewer maps provided sewer capacities and drainage area delineation. 
Reported STP capacity set the point of overflow, though reported capacity is not 
necessarily flow the STP operates at. STPs are, at times, operated over nominal capacity 
to reduce pollution by decreasing the volume of untreated overflows. Sanitary flow 
parameters are from the Lake Michigan Diversion Accounting models developed and 
calibrated for Metropolitan Chicago with adjustment to the Grand Calumet River basin . 

populations. Sanitary flow parameters are set based on a flow per person, and 
proportioned across the day, week and year. 

7.5 HYDRAULIC MODEL 

7.5.1 Hydraulic models require cross section data to calculate various flow properties. 
For this study of the Grand Calumet River - Indiana Harbor Canal system, cross sections 
came from two sources. The entire Grand Calumet River was modeled using cross 
sections used in the Flood Insurance Study (FIS) conducted in the mid 1970s. While 
more recent surveys of the river exist, none had all the required information. These new 
surveys had few cross sections, very few points in each cross section or did not relate 
depth measurements to any bench mark. The FIS data was the best available, though 
older than desired. The cross sections ran from the headwaters of the Grand Calumet 
River near the Indian Dunes National Lakeshore to the junction with the Calumet River at 
Bumham, Illinois. The cross sections were located around bridges, or at intervals of up to 
a half mile. Points within the cross sections were separated by as little as five feet. 

7.5.2 The reaches of the Indiana Harbor Canal and the Lake George Canal upstream of 
the authorized channel were also modeled with the FIS cross sections. In the authorized 
channel down to the mouth of Indiana Harbor, the cross sections were derived ftom 
soundings made in 1990. The soundings were preferred to the FIS cross sections for their 
more recent vintage and for the detail of the cross section data. The soundings were taken 
at 100 foot intervals between cross sections, and usually 10 to 20 feet between readings in 
a cross section. 
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7.5.3 The modeled STP flows and overflows, reported industrial discharges and 
withdrawals, and the observed OBrien Lock & Dam and Lake Michigan elevations were 
inputs to the hydraulic model. The UNET model is the one dimensional, unsteady state 
hydraulics model. UNET computes flows and cross sectional average velocities for 
gradually changing rivers and canals. An unsteady state model was necessary due to the 
conditions in the river-canal system, and because of the information wanted from the 
model. Sediment movement is linked to peak velocities, and a steady state model would 
not be able to compute these velocities while handling the fluctuations caused by changes 
in lake elevation and storm runoff. This lake effect controls the flows in the Indiana 
Harbor Canal and can strongly effect flows in the Grand Calumet River, especially in the 
east branch. 

7.6 CALIBRATION 

7.6.1 Observed measurements of water level and flow are needed for calibration and 
model runs. The downstream conditions of the model are controlled by the Calumet 
River downstream (south) of the O'Brien Lock & Dam and by Lake Michigan. O'Bnen 
Lock & Dam keeps the westernmost Grand Calumet River and the Chicago Sanitary and 
Ship Canal (CSSC) artificially below Lake Michigan levels. In the case of the O'Brien 
Lock & Dam, river elevations for the first two years of the model period were daily 
values and the remaining were at two hour intervals. Lake Michigan elevations were 
measured, by the National Oceanic and Atmospheric Administration (NOM), at 
Calumet Harbor every hour. For the periods when Calumet Harbor data was unavailable, 
Milwaukee, Wisconsin and Holland, Michigan data was used to fill the gaps. 

7.6.2 For calibration purposes, the United States Geological Survey (USGS) gages at 
Hohman Avenue in Hammond, Indiana on the West Grand Calumet River, Industrial 
Highway in Gary, Indiana on the East Grand Calumet River, and near Dickey Road in 
East Chicago Indiana on the lower Indiana Harbor Canal provided data for water year 
1992. The Hohman Avenue gage has been operating since water year 1991 and was 
installed for Lake Michigan Diversion Accounting purposes. This gage, located at 
culverts under Hohman Avenue, measures stage convertible by rating table to flow. The 
Industrial Highway gage, installed in water year 1992, measures stage at the highway 
bridge. Due to lake effects on the East Grand Calumet River, stage cannot be converted 
to flow at this gage. The Dickey Road gage is an ultrasonic velocity meter (UVM) to 
used to account for the lake effects on the stage-flow relationship. UVMs send sound 
waves across a channel at an angle to the flow. Given the geometry of the channel, 
average water speed is derived from the time required to cross the channel. This speed, 
along with the stage, is converted to a flow based on channel geometry. UVM flow 
measurements are verified by more conventional flow measurements. Unfortunately the 
original UVM equipment required the use of cross channel, underwater cables to time the 
sound waves. On occasion, the heavy ship traffic in the Indiana Harbor Canal damaged 
part of the gage. The data for water year 1992 has gaps when the gage was damaged. 
These three gages provided the necessary measurements in the river-canal system for 
calibrating the flow model. 
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7.6.3 After running HSPF and SCALP, the results were compared with reported STP 
flows and overflows for water year 199 1, Based on the reported flows, the models 
overestimated overflows, most likely due to the difference between reported STP capacity 
and actual operations. A second general trend for the models was above recorded flows 
in fall and winter and below recorded flows in spring and summer. This could be related 
to the fact that the lake levels crest in July and trough in February. Thus, the inaccuracies 
may be due to errors in the seasonal distribution of parameters or underestimation of lake 
level effects on ground water levels and sewer infiltration or both. 

7.6.4 In calibrating the hydraulic model, flows and stages were compared at the three 
USGS gages. Given the approximate nature of STP and industrial flows and the age of 
the Grand Calumet River cross sections, exact agreement between model and gages is 
impossible. The Hohman Avenue gage was modeled within a foot of stage and 50 cfs of 
flow with better matching at higher flows. The Industrial Highway gage was modeled 
within 1.5 feet of stage with closer results at lower lake elevations. The Dickey Road 
gage was modeled within 0.2 feet of stage and 200 cfs of flow. As with the hydrology, 
flows were overestimated in fall and winter and underestimated in spring and summer. 
Again, lake effects on ground water and sewer infiltration is suspected in the differences. 

7.7 SIMULATIONS MODELED 

7.7.1 For January 1983 to September 1992, two different scenarios were modeled. 
Initially, present conditions were modeled based on available cross section data. The 
output of this model was examined for flow patterns over the model period. The second 
condition modeled was the complete dredging of the federal channel in the Indiana 
Harbor Canal, Lake George Canal and Indiana Harbor. This results of the modeling of 
this scenario were compared with the results from the present conditions model. 

7.7.2 Among the noted patterns is the extent of the lake effect on the Grand Calumet 
Rh-er. At almost every lake elevation from below winter minimum to the highest 
elevation ever recorded, lake effects can reach to the USX Gary works at the extreme 
eastern end of the Grand Calumet River. The primary effect is the river surface elevation 
with temporary effects on flow due to back pressure. A more dramatic effect can be seen 
on the West Grand Calumet River. At lower lake levels, Hammond STP discharge flows 
west to the CSSC, and East Chicago STP discharge flows east to the Indiana Harbor 
Canal. The flow split is normally in the marsh between the STPs. As lake levels rise, the 
split is forced west. At lake elevations only inches over the normal summer maximum, 
flow from the East Grand Calumet River forks at the Indiana Harbor Canal with some 
goins down the canal to the lake and some flowing west to the CSSC. Naturally, flow 
west past the canal increases with increasing lake elevations. The higher than normal 
summers of 1983 and 1984, as well as most to all of 1985,1986, and 1987 caused flows 
west to the CSSC. Table 4-29 shows the effects of the lake level at the junction of the 
Grand Calumet River and the Indiana Harbor Canal, and Table Q-30 shows the effects in 
the iVest Grand Calumet River. Plate 4-16 shows the location of the cross sections 
referenced in the tables. 
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7.7.3 Preliminary examination of the present versus dredged conditions show no effect 
on flows and velocities upstream of the federal channel. The lake so strongly controls the 
flows and elevations of the Indiana Harbor Canal that channel improvements do not make 
enough change to cause any impacts. Table 4-3 1 shows the flow effects, Table 4-32  
shows the velocity effects and Plate Q-16 shows the cross section locations. 

7.7.4 Changes to the physical transport of sediment are a k c t i o n  of the flow rate and 
flow velocity. Since these parameters are not changed in reaches upstream of the federal 
dredging project, it is possible to make the qualitative conclusion that the dredging will 
not effect the transport of sediments into the federal reaches fiom upstream reaches. 

4-67 



Table Q-29: Unsteady Flow Model 
Junction Analysis 

NUMBER W E U  COUNT PERCENT 

3 0 
+ 0 0 

- + -  0 0 
- + +  54,985 64 
+ - -  1,367 2 
+ - +  0 0 
+ + -  1,252 1 
+ + +  27,772 33 

- - -  
- -  

STAT I ST IC W-6146 E-0628 U-4074 

AVERAGE 1 560 559 
POSITIVE AVE 26 '563 567 
MINUS AVE -25 -3 -8 
MINIMUM -415 -1372 -2006 
MAXIMUM 625 2390 2734 
STAN DEV 66 172 226 
CORR COEFF -0.18 0.99 -0.29 

Notes: All Flows in cfs 

W-6145 
E-0628 
U-4074 
NUMBER 
COUNT 

PERCENT 

AVERAGE 
POSITIVE AVE 
MINUS AVE 
M I N I MUM 
MAX I MUM 
STAN 3EV 
CORR COEFF 

Flow direction - 
east or south 

Flow direction - 
west or north 

West G.C. R.M. 6.146 
East G.C. R.M. 0.628 
Upper canal R.M. 4.074 
Flow pattern I . D .  number 
Number of flows with 

Percent of flows with 

Average of all flows 
Average of positive flows 
Average of negative flows 
MinimlLq flow 
Maximum flow 
Standard deviation of flows 
Correlation coefficient - 
-0.18 - west and east 
0.99 - east and upper 
-0.29 - upper and west 

given pattern 

given pattern 
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Table Q-30: Unsteady Flow Model - West Reach Analysis 

NUMBER WO W1 W2 W3 W4 W5 W6 W7 W8 W9 COUNT 
PERCENT 

512 
520 
648 
768 
896 
8 97 
899 
904 
905 
907 
911 
912 
920 
921 
923 
924 
926 
927 
928 
944 
952 
953 
955 
956 
958 
959 
960 
992 
1008 
1009 
1016 
1017 
1019 
1020 
1022 
1023 

+ + + - - - - - -  + 
+ + + - - - - -  + +  
+ + + - - - + - - -  
+ + + - - - + - -  + 
+ + + - - - + - + +  
+ + + - - - + + + +  
+ + + - -  + + - - -  
+ + + - - + + - -  + 
+ + + - - + + - + +  
+ + + - - + + + - -  
+ + + - - + + + + -  
+ + + - - + + + + +  
+ + + - + - - - - -  
+ + + - + + - - - -  
+ + + - + + + - - -  
+ + + - + + + - -  + 
+ + + - + + + - + +  
+ + + - + + + + - -  
+ + + - + + + + + -  
+ + + - + + + + + +  
+ + + + - - - - - -  
+ + + + + - - - - -  
+ + + + + + - - - -  
+ + + + + + - - -  + 
+ + + + + + + - - -  
+ + + + + + + - -  + 
+ + + + + + + - + +  
+ + + + + + + + - -  
+ + + + + + + + + -  
+ + + + + + + + + +  

24 
6 
6 
1 

45,291 
109 
7 

666 
125 
43 
38 
1 

209 
44 
37 
7 
10 
199 
1 
3 
51 
10 
8 
5 
12 
133 
188 
521 

1,852 
3 

4,510 
213 
130 
620 

1,004 
29,292 

0 
0 
0 
0 
53 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
0 
5 
0 
0 
1 
1 

34 
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Table 4-30 (Cont'd): Unsteady Flow Model - West Reach 

STAT I S T I C WO-3177 W1-3466 W2-3734 W3-4217 W4-4522 

AVERAGE 69 68 68 23 23 
POSITIVE AVE 69 68 68 32 32 
MINUS AVE 0 -0 -0 -9 -9 
MINIMUM 12 -175 -106 -277 -262 
MAXIMUM 381 323 280 243 260 
STAN DEV 54 53 53 53 53 
CORR COEFF 0.99 1.00 0.85 1.00 0.99 

W5-4911 W6-5265 W7-5553 W8-5946 W9-6146 

AVERAGE 23 23 1 1 1 
POSITIVE AVE 32 33 25 25 26 
MINUS AVE -9 -9 -24 -25 -25 
MINIMUM -230 -241 -415 -411 -415 
MAXIMUM 363 499 537 571 62 5 
STAN DEV 54 57 62 63 66 
CORR COEFF 0.98 0.91 1.00 0.99 0.41 

Notes: All flows in cfs 
( - )  
( + I  
WO-3177 
W1-3466 
W2-3734 
W3-4217 
W4-4522 
W5-4911 
W6-5265 
w7-5553 
W8-5946 
W9-6146 
NUMBER 
COUNT 

PERCENT 

AVERAGE 
POSITIVE AVE 
MINUS AVS 
MINIMUM 
MAXIMUM 
STAN DEV 
CORR COFFF 

Flow direction - east or south 
Flow direction - west or north 
West G.C. R.M. 3.177 
West G.C. R.M. 3.466 
West G.C. R.M. 3.734 
West G.C. R.M. 4.217 
West G.C. R.M. 4.522 
West G.C. R.M. 4.911 
West G.C. R.M. 5.265 
West G.C. R.M. 5.553 
West G.C. R.M. 5.946 
West G.C. R.M. 6.146 
Flow pattern I.D. Number 
Number of flows with 

Percent of flows with 

Average of all flows 
Average of positive flows 
Average of negative flows 
Minimum flow 
Maximum flow 
Standard deviation of flows 
Correlation coefficient - 
WO with W1, W2 with W3, 
. . . ,  W9 with WO 

given pattern 

given pattern 
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Table Q-31: Unsteady Flow Model - Flow Statistics 

STAT I S T I C CP255 CD255 CP264 CD264 

AVERAGE 
POSITIVE AVE 
MINUS AVE 
MINIMUM 
MAXIMUM 
STAN DEV 
CORR COEFF 
ABS DIFF 

AVERAGE 
POSITIVE AVE 
MINUS AVE 
MINIMUM 
MAXIMUM 
STAN DEV 
CORR COEFF 
ABS DIFF 

558.812 558.679 558.805 558.675 
568.901 568.888 568.821 568.809 
-10.089 -10.209 -10.015 -10.135 

-2640.200 -2677.200 -2622.200 -2659.100 
2739.900 2739.000 2738.900 2738.100 
252.581 253.091 251.599 252.111 
1.000 1.000 
1.867 1.867 

GP275 GD275 GP303 GD303 

10.424 10.421 10.383 10.381 
13.398 13.378 11.102 11.094 
-2.974 -2.957 -0.719 -0.713 

-248.800 -248.800 -126.800 -126.700 
253.000 253.300 243.400 243.600 

10.584 19.167 19.106 10.618 
1.000 1.000 
0.068 0.036 

Notes: All Flows in 
( - 1  
( + I  
CP255 
CD255 
CP264 
CD264 
GP275 
GD275 
GP303 
GD303 
AVERAGE 
POSITIVE AVE 
MINUS AVE 
MINIMUM 
MAXIMUM 
STAN DEV 
CORR COEFF 

ABS DIFF 

cfs  
Flow direction - east or south 
Flow direction - west or north 
Calumet R.M. 2.55 - present 
Calumet R.M. 2.55 - dredged 
Calumet R.M. 2.64 - present 
Calumet R.M. 2.64 - dredged 
L. George R.M. 2.75 - present 
L. George R.M. 2.75 - dredged 
L. George R.M. 3.03 - present 
L. George R.M. 3.03 - dredged 
Average of all flows 
Average of positive flows 
Average of negative flows 
Minimum flow 
Maximun flow 
Standard deviation of flows 
Correlation coefficient - 

Average absolute difference 
between present and dredged 

between present and dredged 
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Table Q-32: Unsteady Flow Model - Velocity Statistics 

STAT I ST IC CP255 CD255 CP264 CD264 

AVERAGE 
POSITIVE AVE 
MINUS AVE 
MINIMUM 
MAXIMUM 
STAN DEV 
CORR COEFF 
ABS DIFF 

0.332 0.125 
0.336 0.127 
-0.005 -0.002 
-1.106 -0.517 
1.950 0.643 
0.155 0.057 
0.997 
0.212 

0.635 0.634 
0.642 0.642 
-0.008 -0.008 
-1.646 -1.663 
4.374 4.339 
0.317 0.317 
1.000 
0.002 

GP275 GD275 GP303 GD303 

AVERAGE 
POSITIVE AVE 
MINUS AVE 
MINIMUM 
MAX I MUM 
STAN DEV 
CORR COEFF 
ABS DIFF 

0.002 
0.003 
-0.001 
-0.044 
0.053 
0.004 
1.000 
0.000 

Notes: All velocities 
( - 1  
( + )  
CP255 
CD255 
CP264 
CD264 
GP275 
GD275 
GP303 
GD303 
AVERAGE 
POSITIVE AVE 
MINUS AVE 
MINIMUM 
MAXIMUM 
STAN DEV 
CORR COEFF 

ABS DIFF 

0.002 0.003 0.003 
0.002 0.004 0.004 
-0.001 -0.000 -0.000 
-0.042 -0.034 -0.034 
0.049 0.085 0.085 
0.003 0.003 0.003 

1.000 
0.000 

in feet/second 
Flow Direction - East or South 
Flow Direction - West or North 
Calumet R.M. 2.55 - present 
Calumet R.M. 2.55 - dredged 
Calumet R.M. 2.64 - present 
Calumet R.M. 2.64 - dredged 
L. George R.M. 2.75 - present 
L. George R.M. 2.75 - dredged 
L. George R.M. 3.03 - present 
L. George R.M. 3.03 - dredged 
Average of all velocities 
Average of positive velocities 
Average of negative velocities 
Minimum velocity 
Maximum velocity 
Standard deviation of velocities 
Correlation coefficient - 
between present and dredged 

Average absolute difference 
between present and dredged 
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8. CONCLUSIONS 

8.1 This appendix describes the conduct and results of an investigation of sedimentation 
rates within the Indiana Harbor and Canal. The results of this investigation have been 
applied to the development of dredging plans for three CDF scenarios. The Partial Plan 
consists of a 3 million cubic yard lobe, and the Complete and Cooperative Plans includes 
a 3 million cubic yard lobe and a 1.2 million cubic yard lobe. 

8.2 As an alternative to a sedimentation model, the historic hnctioning of the watershed 
was analyzed. Factors that were considered included changes in geometry (given by 
sounding data collected over a number of years), historic dredging, lake levels and 
significant storm events. 

8.3 In reviewing the sediment data, it was concluded that the Indiana Harbor and Canal 
functions in a normal manner. That is, the basin h c t i o n s  with a typical sedimentation 
cycle of deposition and erosion. Additionally, it was found that the basin tends to 
gravitate towards equilibrium elevations, that the basin has a high sedimentation rate for 
refilling after a storm event and that the basin has a low average, or long term, 
sedimentation rate. Numerical results, important for the dredging analysis, were then 
derived. 

8.4 In an attempt to refine the sedimentation rates developed through the data analysis, 
and to explore the impact of depths within the harbor and canal on rates, a sedimentation 
analysis was performed. The sedimentation model selected for use was the Hydraulic 
Design Package for Flood Control Channels (SAM). However, the SAM model 
produced small rates of sediment transport, and was therefore deemed to be unreliable for 
this project. An alternate approach for calculating the change in sedimentation rates with 
respect to depth was utilized. The Brune lake trap efficiency relationship was also 
evaluated because it generally gives accurate evaluations of trapping efficiency. 

8.5 A computer model was constructed to simulate the dredging process. This model 
takes into account the sedimentation rates, bank sloughing and dredging volumes. In 
general, the model inputs the geometry and sedimentation rates for each reach, as well as 
a dredging plan. The model was used to evaluate the impacts of the baseline conditions 
on dredging plans by going through a series of accounting schemes to compute the 
changes in the elevation in each reach for each year. 

8.6 Utilizing the dredging simulation model, baseline conditions were analyzed and 
dredging plans were developed for both the Partial, Complete and Cooperative scenarios. 
All three dredging plans provided reasonably low elevations throughout the project life. 
Although, dredging plans were simulated, it is expected that priorities for yearly dredging 
will be based on future reviews and analyses of periodic sounding data. 
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8.7 The reductions of sediments normally discharged to Lake Michigan, for each plan, 
were also determined. The computations showed that the total sediments trapped for the 
project scenario is approximately 85,000 cubic yards per year for the Partial Plan and 
100,000 cubic yards per year for the Complete and Cooperative Plans. This is an increase 
over baseline conditions of 65,000 cubic yards per year for the Partial Plan and 80,000 
cubic yards per year for the Complete and Cooperative Plans. 

8.8 The Complete and Cooperative Plans have greater efficiency as sediment traps than 
the Partial Plan. Additionally, the Complete and Cooperative Plans would be superior in 
that they would reduce the amount of sediments that would be deposited in reaches 1 
through 5, and thus provide more "insurance" in the prevention of sediment discharge to 
Lake Michigan. Further, sediments deposited in reaches 1 through 5 are subject to 
disturbances from ship action, and are therefore more likely to be flushed out into the 
lake. Improvements to the methodology, as discussed in the paragraphs below, would 
result in a better understanding of the hct ioning of the system. Factors other than just 
the availability of sediments could be taken into account in designing effective sediments 
traps. These factors, which could include a more detailed understanding of the amounts 
and movements of sediments, would also be expected to favor either the Complete or 
Cooperative Plans. This is true because the trapping area for these two plan is much 
larger than the area for the Partial Plan, and therefore affords more opportunity for 
deposition. Further, a good portion of the upstream area is away from ship movements, 
and thus not subject to these flushing effects. 

8.9 A number of sensitivity analyses were carried out to evaluate the economic analyses 
of the dredging simulation results. An evaluation of these analyses is presented in the 
Economic Analysis Appendix. 

8.10 Reconnaissance level continuous hydrologic simulation and unsteady state 
hydraulic models of the canal and harbor were constructed. These models gives an 
indication of the impacts of dredging on the flow velocities in the upstream areas of the 
Grand Calumet River. Examination of the present versus dredged conditions show no 
effect on flows and velocities upstream of the federal channel. Since flows and velocities 
are not changed in reaches upstream of the federal dredging project it possible to 
qualitatively conclude that the dredging will not effect the transport of sediment into the 
federal reaches from upstream reaches. 

8.1 1 The most important information required for an improvement in the results of this 
investigation would be a long term gaging progam to monitor the suspended and bedload 
flow of sediments through the watershed. This task is in part currently underway. The 
USGS will be taking suspended sediment samples in the Indiana Harbor Canal as part of 
the Lake Michigan Lake Management Program (LMMP). The USGS installed a 
suspended sediment sampler and a turbidity meter co-located with the Ultrasonic 
Velocity Meter (UVM) north of Dickey Road. Some test samples have been taken but 
the results are not yet available. Once the sampling project begins, samples are planned 
on a weekly basis for one year. The object of this project is to calibrate the turbidity 

4-74 



meter to the suspended sediment. Also, the UVM may be calibrated to measure 
suspended sediment based on the gain (loss of signal strength) of the sound pulses. The 
USGS is not collecting bedload because they believe the sustained velocities are too low 
to move the viscous sediments at the gage site. 

8.12 Additionally, a sediment transport model, with the capabilities of correctly 
modeling both unsteady flow and the transport of fine grain materials, would be essential 
to adequately evaluate the impacts of any dredging plans. Through a development 
program at the USACE Waterways Experiment Station, sediment transport capabilities 
have been added to the UNET model. However, the this expanded UNET model does not 
have the ability to transport fine grain material, and this function would have to be added 
to allow the model to be used on the Indiana Harbor and Canal. 
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1. PURPOSE AND REVISED CDF 

1.1 This addendum describes the results of a dredging simulation withn the Indiana Harbor and 
Canal that uses a revised two-stage CDF design and the Cooperative Federal Channel Plan. 

1.2 The revised CDF consists of three lobes: north, west (including a TSCA materials cell), and 
east. The design is based on relocating the railroad, and then building the CDF in a 15 foot 
Stage I and a 13 foot Stage 11. The geometry for the CDF is given in table Q-A-1 and is also 
shown on plate Q-A-1 . 

T a b l e  Q-A-1: R e v i s e d  C D F . E l e v a t i o n  versus  S u r f a c e  A r e a  
( fee t  vs  square fee t )  

SOUTHWEST CELL SOUTHEAST CELL NORTH CELL 
ELEV SURFACE AREA ELEV SURFACE AREA ELEV SURFACE AREA 

0.00 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00 
26.00 
27.00 
28.00 

1,198,800 
1,207,976 
1,217,184 
1,226,424 
1,235,696 
1,245,000 
1,254,336 
1,263,704 
1,273,104 
1,282,536 
1,292,000 
1,301,496 
1,311,024 
1,320,584 
1,330,176 
1,339,800 
1,372,517 
1,374,955 
1,377,395 
1,379,837 
1,382,281 
1,384,727 
1,387,175 
1,389,625 
1,392,077 
1,394,531 
1,396,987 
1,399,445 
1,401,905 

0.00 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 

20.00 
21.00 
22.00 
23.00 
24.00 
25.00 
26.00 
27.00 
28.00 

19.60 

1,198,800 
1,207,976 
1,217,184 
1,226,424 
1,235,696 
1,245,000 
1,254,336 
1,263,704 
1,273,104 
1,282,536 
1,292,000 
1,301,496 
1,311,024 
1,320,584 
1,330,176 
1,339,800 
1,372,517 
1,374,955 
1,377,395 
1,379,837 
1,382,281 
1,384,727 
1,387,175 
1,389,625 
1,392,077 
1,394,531 
1,396,987 
1,399,445 
1,401,905 

0.00 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 

15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00 
26.00 
27.00 
28.00 

i4.00 

1,792,194 
1,801,651 
1,811,102 
1,820,553 
1,830,004 
1,839,455 
1,848,906 
1,858,357 
1,867,808 
l., 877,259 
1,886,710 
1,896,161 
1,905,091 
1,915,063 
1,924,514 
1,934,371 
1,957,543 
1,961,433 
1,965,340 
1,969,214 
1,973,104 
1,976,994 
1,980,884 
1,984,775 
1,988,665 
1,992,555 
1,996,445 
2,000,335 
2,004,242 
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2. UPDATED COOPERATIVE FEDERAL CHANNEL PLAN 

2.1 The Cooperative Federal Channel Dredging Plan includes the complete federal channel 
dredging and the associated berthing area dredging of Alternative 2, plus a one-time complete 
dredging of all of the remaining Inland Steel Company dockface areas from the downstream end 
of the hopper dock up to, but not including, the turning basin in reach 9. This additional 
dredging would occur in the northern 800 feet of reach 2 and in reaches 3 ,4 ,6  and 8. The target 
depths in reaches 2,3 and 4 would be -28 feet LWD, plus an average of one-half foot overdepth 
and -22 feet LWD, plus an average of one-half foot overdepth in reaches 6 and 8. 

2.2 The dredge material from the Updated Cooperative Plan would be placed in the north, west 
and lobes lobes of the CDF. These lobes have approximately 4.7 million cubic yards in capacity. 
As described in the section on the Dredge Model, the procedure used in allocating the dredge 
volume consisted of allowing specified cells to be used in a given project year. Material would 
be placed into the cells using three foot lifts and allowed to dry for at least one year without any 
additional material placed on top. 

2.3 The geometry for this alternative is given in table 4-23 of appendix Q. As th s  scenario 
involves dredging the mouth through reach 13, the input geometry consists of the federal channel 
in those reaches (1 - 13), the berthing areas (R03, R04, R05, L05, R06, R07, R08 and L l l )  and 
the PCB hot spots (L06, U13). As before, the designations "R" and "L" denote the right and left 
overbank areas, and "U" denotes the upstream end. As described in the baseline section in 
appendix Q, considering the surface area of the 13 reaches, and the availability of sediment, the 
sediment rate to be used for this plan would be 0.16 feevyear. All other values in the geometry 
file, including the initial elevations set to the 1994 soundings, were identical with those used in 
the baseline condition run. 

2.4 To maximize the navigation benefits, the plan was implemented by dredging the priority 
areas first (federal channel areas 1-5 and berthng areas R03, R04, R05 and L05). The dredging 
is accomplished by alternating the use of the cells, starting with the southwest cell in 2000 and 
switching to the southeast and northxells in 2001. In 2006 the PCP hot spots in LO6 and U13 
were dredged into the TSCA cell. In 2007-2009 the remaining non-priority areas important for 
navigation (federal channel 6-1 1, R06, R07, R08 and L1 1) were dredged. At the end of 2009 all 
of the navigation and heavily polluted areas were dredged to project depth at least once. After 
this the dredging cycle was switched to no dredging, southwest, southeast cell, and north cell. 
This final cycle continued from 2010 until the CDF was completely filled in 2033. 

2.5 The Cooperative Plan was executed using the geometric data and the dredging plan given 
above. Table Q-A-2 gives the annual averages, table Q-A-3 gives the federal channel depths for 
each reach and year, and table Q-A-4 gives the volumes dredged for each reach and year. All 
tables give values for the entire period of from 1995 through 2045. It is noted that the dredging 
plan provides reasonably low elevations throughout the project life. 
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Table Q-A-2: Updated Cooperative P l a n  A n n u a l  Averages 

RCH SLF-F SLF-R SLF-L SED-F SED-R SED-L 

1 +O.O1 +O.OO -0 .04  +0.16 +0.16 +0.16 
2 +0.06 - 0 . 1 8  -0.10 +O.16 +O.16 +O.16 
3 + O . O 4  - 0 . 1 1  -0 .08  +0.16 +0.16 +0.16 
4 + O . O O  - 0 . 3 9  - 0 . 3 1  +0.16 +0.16 
5 + O . O O  - 0 . 1 4  -0.16 +0.16 +0.16 + 0 - 1 6  
6 + O . O O  - 0 . 2 3  - 0 . 2 2  +0.16 +0.16 +0.16 
7 + O . O 3  - 0 . 1 3  -0 .24  +0.16 +0.16 +Os16 
8 + 0 . 2 5  - 0 . 3 8  -0 .24  +0.16 +0.16 +Ow16 
9 +O.15 - 0 . 3 0  - 0 . 2 1  +0.16 +0.16 + 0 - 1 6  

1 0  +O.O4 - 0 . 1 7  - 0 . 1 2  +0.16 +0.16 +0 .16  
11 + O . O 4  -0 .19  -0 .15  +0.16 +0.16 
1 2  +0.17 - 0 . 3 4  - 0 . 1 5  +0.16 +0.16 
1 3  +0.07 - 0 . 3 5  - 0 . 3 3  +0.16 + 0 . 1 6  +0.16 

R03 + O . O O  - 0 . 1 2  - 0 . 1 2  +0.16 + 0 . 1 6  +0 .16  

R 0 4  + O . O O  - 0 . 3 9  -0 .39  +0.16 +0 .16  +Os16 

RO 5 +O.OO - 0 . 1 4  -0 .14  +0.16 +0.16 +0 .16  

LO5 + O . O O  - 0 . 1 6  -0.16 +O.16 +0 .16  +Os16 

R06 + O . O O  - 0 . 2 3  - 0 . 2 3  +0.16 +0.16 +Os16 

LO6 + O . O O  - 0 . 2 5  -0 .25  +0.16 +0.16 +Os16 

R07 + O . O O  - 0 . 1 2  -0 .12  +0.16 +0.16 +Os16 

R08 + O . O O  - 0 . 3 8  -0 .38  +0.16 +0.16 +Om16 

L 1 1  + o . O O  -0.19 -0 .19 +0.16 +0.16 +0.16 

U 1 3  + O . O O  -0 .32  -0 .32  +0.16 +0.16 +Os16 

Notes: RCH Reach  
SLF-FED T o t a l  s l o u g h e d  i n t o  federal  c h a n ( f e e t )  
SLF-FED T o t a l  s l o u g h e d  from r i g h t  b a n k  ( 'feet) 
SLF-FED T o t a l  s l o u g h e d  from l e f t  b a n k  ( f e e t )  
SLF-FED To ta l  s e d i m e n t  i n t o  federal  c h a n ( f e e t )  
SLF-FED T o t a l  s e d i m e n t  i n t o  r i g h t  b a n k  ( f ee t )  
SLF-FED T o t a l  s e d i m e n t  i n t o  l e f t  b a n k  ( f e e t )  
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Table Q-A-2 (Cont'd): Updated Cooperative Plan 
Annual Averages 

RCH DPTH-D DPTH-F DPTH-R DPTH-L 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

R 0 3  
R04 
RO 5 
LO5 
RO 6 
LO6 
R07 
R08 
L 1 1  
U13 

-0.10 
-0.21 
-0.15 
-0.18 
-0.08 
-0.05 
-0.08 
-0.38 
-0.31 
-0.12 
-0.15 
-0.33 
-0.35 
-0.12 
-0.39 
-0.14 
-0.16 
-0.23 
-0.25 
-0.13 
-0.38 
-0.19 
-0.32 

-0.03 
+0.48 
+0.15 
+O. 58 
-0.12 
-0.16 
+O. 03 
+l. 65 
+1.68 
+O. 28 
+O. 68 
+l. 87 
+2.81 
+o. 19 
+1.80 
+0.36 
+O. 52 
+2.18 
+O. 80 
+O. 97 
+4.01 
+1.71 
+l. 55 

+3.04 
+7.61 
+O. 34 
+0.81 
+0.01 
-0.06 
+O. 15 
+2.08 
+3.32 
+1.49 
+1.91 
+5.54 
+4.68 
+O. 35 
+2.23 
+O. 54 
+ 0 . 7 3  
+2.45 
+1.09 
+l. 13 
+4.42 
+l. 93 
+1.91 

+9.05 
+11.50 
+13.71 
+3.54 
+0.01 
-0.06 
+1.48 
+10.41 
+lo. 56 
+1.40 
t3.34 
+2.99 
+4.05 
+0.35 
+2.23 
+O. 54 
+ 0 . 7 3  
+2.45 
+l. 09 
+1.13 
+4.42 
+1.93 
+l. 91 

Notes: RCH Reach 
DPTH-F Depth of federal channel (feet) 
DPTH-R Depth of right bank (feet) 
DPTH-L Depth of left bank (feet) 
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T a b l e  Q-A-3: Updated  C o o p e r a t i v e  P l a n  
Dep ths  i n  t h e  F e d e r a l  Channe l  ( f e e t )  

I 

Year Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
204 1 
2042 
2043 
2044 
2045 

-1.38 
-1.22 
-1.06 
-0.90 
-0.75 
-0.62 
-0.49 
-0.33 
-0.17 
-0.01 
-0.48 
-0.32 
-0.16 
0.00 
0.16 
0.32 
0.00 

-0.21 
-0.50 
-0.34 
-0.50 
-0.50 
-0.50 
-0.34 
-0.50 
-0.50 
-0.50 
-0.30 
-0.50 
-0.50 
-0.50 
-0.30 
-0.28 
-0.26 
-0.50 
-0.25 
-0.09 
0.07 
0.04 
0.24 
0.40 
0.56 
0.72 
0.88 
1.04 
1.20 
1.36 
1.52 
1.68 
1.84 
2.00 

1.69 
1.85 
2.01 
2.17 
2.32 
2.44 
2.48 
1.97 
0.63 
0.34 
-0.48 
0.05 
0.21 
0.37 
-0.50 
0.00 
0.00 
-0.21 
-0.50 
-0.15 
-0.50 
-0.50 
-0.50 
-0.25 
-0.50 
-0.50 
-0.50 
-0.26 
-0.50 
-0.50 
-0.50 
-0.26 
-0.28 
-0.26 
-0.50 
-0.19 
-0.03 
0.13 
0.04 
0.28 
0.44 
0.60 
0.76 
0.92 
1.08 
1.24 
1.40 
1.56 
1.72 
1.88 
2.04 

-0.40 
-0.24 
-0.08 
0.08 
0.23 
0.36 
0.49 
0.65 
0.63 
0.34 
-0.48 
-0.24 
-0.08 
0.08 
-0.35 
-0.01 
0.00 
-0.21 
-0.50 
-0.16 
-0.50 
-0.50 
-0.50 
-0.26 
-0.50 
-0.50 
-0.50 
-0.26 
-0.50 
-0.50 
-0.50 
-0.26 
-0.28 
-0.26 
-0.50 
-0.19 
-0.03 
0.13 
0.04 
0.28 
0.44 
0.60 
0.76 
0.92 
1.08 
1.24 
1.40 
1.56 
1.72 
1.88 
2.04 

2.94 
3.10 
3.26 
3.42 
3.57 
3.69 
2.48 
1.97 
0.63 
0.34 
-0.48 
-0.32 
-0.16 
0.00 
0.16 
0.32 
0.00 
-0.21 
-0.50 
-0.34 
-0.50 
-0.50 
-0.50 
-0.34 
-0.50 
-0.50 
-0.50 
-0.34 
-0.50 
-0.50 
-0.50 
-0.34 
-0.28 
-0.26 
-0.50 
-0.34 
-0.18 
-0.02 
0.04 
0.20 
0.36 
0.52 
0.68 
0.84 
1.00 
1.16 
1.32 
1.48 
1.64 
1.80 
1.96 
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-1.73 
-1.57 
-1.41 
-1.25 
-1.10 
-0.97 
-0.84 
-0.68 
-0.52 
-0.36 
-0.48 
-0.32 
-0.16 
0.00 
0.16 
0.32 
0.00 
-0.21 
-0.50 
-0.34 
-0.50 
-0.50 
-0.50 
-0.34 
-0.50 
-0.50 
-0.50 
-0.34 
-0.50 
-0.50 
-0.50 
-0.34 
-0.28 
-0.26 
-0.50 
-0 .34  
-0.18 
-0.02 
0.04 
0.20 
0.36 
0.52 
0.68 
0.84 
1.00 
1.16 
1.32 
1.48 
1.64 
1.80 
1.96 

-2.91 
-2.75 
-2.59 
-2.43 
-2.28 
-2.15 
-2.02 
-1.86 
-1.70 
-1.54 
-1.38 
-1.22 
-1.06 
-0.90 
-0.74 
-0.58 
-0.42 
-0.26 
-0.10 
0.06 
0.22 
0.38 
-0.50 
-0.34 
-0.18 
-0.34 
-0.50 
-0.34 
-0.18 
-0.50 
-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
1.26 
1.42 
1.58 
1.74 
1.90 
2.06 
2.22 
2.38 
2.54 
2.70 

-2.10 
-1.94 
-1.78 
-1.62 
-1.47 
-1.34 
-1.21 
-1.05 
-0.89 
-0.73 
-0.57 
-0.41 
-0.25 
-0.09 
-0.50 
-0.27 
-0.11 
0.05 
0.21 
0.37 
0.53 
0.69 
-0.50 
-0.18 
-0.02 
-0.50 
-0.50 
-0.31 
-0.15 
-0.50 
-0.50 
-0.31 
-0.15 
0.01 
-0.17 
0.03 
0.19 
0.35 
0.51 
0.67 
0.83 
0.99 
1.15 
1.31 
1.47 
1.63 
1.79 
1.95 
2.11 
2.27 
2.43 



Table Q-A-3 (Cont'd): Updated Cooperative Plan Depths 

Year Reach 8 Reach 9 Reach10 Reach11 Reach12 Reach13 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 

3.92 
4.08 
4.24 
4.40 
4.55 
4.67 
4.81 
4.97 
5.13 
5.29 
5.45 
5.61 
2.44 
-0.50 
-0.50 
1.00 
1.16 
1.32 
1.48 
1.64 
1.47 
-0.50 
-0.50 
0.34 
0.40 
-0.50 
-0.50 
0.03 
-0.50 
-0.50 
-0.50 
-0.12 
0.04 
0.20 
-0.50 
0.10 
0.26 
0.42 
0.58 
0.74 
0.90 
1.06 
1.22 
1.38 
1.54 
1.70 
1.86 
2.02 
2.18 
2.34 
2.50 

3.86 
4.02 
4.18 
4.34 
4.49 
4.61 
4.75 
4.91 
5.07 
5.23 
5.39 
5.55 
2.44 
3.91 

-0.50 
1.50 
1.66 
1.82 
0.39 
1.19 
1.35 

-0.50 
0.27 
0.51 
-0.50 
-0.50 
-0.50 
-0.17 
-0.21 
-0.50 
-0.50 
-0.19 
-0.03 
0.13 

-0.50 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
1.26 
1.42 
1.58 
1.74 
1.90 
2.06 
2.22 
2.38 

-1.09 
-0.93 
-0.77 
-0.61 
-0.46 
-0.33 
-0.19 
-0.03 
0.13 
0.29 
0.45 
0.61 
0.77 
0.93 
-0.50 
-0.01 
0.15 
0.31 
0.47 
0.63 
0.79 
0.95 
-0.50 
0.00 
0.16 
-0.50 
-0.50 
-0.27 
-0.11 
-0.50 
-0.50 
-0.28 
-0.12 
0.04 
-0.50 
-0.19 
-0.03 
0.13 
0.29 
0.45 
0.61 
0.77 
0.93 
1.09 
1.25 
1.41 
1.57 
1.73 
1.89 
2.05 
2.21 

0.24 
0.40 
0.56 
0.72 
0.87 
1.00 
1.14 
1.30 
1.46 
1.62 
1.78 
1.94 
2.10 
2.26 
-0.50 
0.25 
0.41 
0.57 
0.73 
0.89 
1.05 
1.21 

-0.50 
0.04 
0.20 
-0.50 
-0.50 
-0.27 
-0.11 
-0.50 
-0.50 
-0.28 
-0.12 
0.04 
-0.50 
-0.20 
-0.04 
0.12 
0.28 
0.44 
0.60 
0.76 
0.92 
1.08 
1.24 
1.40 
1.56 
1.72 
1.88 
2.04 
2.20 

Q-A-6 

5.25 
5.41 
5.57 
5.73 
5.88 
6.13 
6.27 
6.43 
6.59 
6.75 
6.91 
7.07 
2.44 
-0.50 
-0.50 
0.29 
0.45 
0.61 
0.77 
0.93 
1.09 
1.25 
-0.50 
0.32 
0.48 
-0.50 
-0.50 
-0.15 
-0.50 
-0.50 
-0.50 
-0.24 
-0.08 
0.08 
-0.50 
-0.08 
0.08 
0.24 
0.40 
0.56 
0.72 
0.88 
1.04 
1.20 
1.36 
1.52 
1.68 
1.84 
2.00 
2.16 
2.32 

9.26 
9.42 
9.58 
9.74 
9.89 
10.02 
10.16 
10.32 
10.48 
10.64 
10.80 
10.96 
2.44 
3.49 
-0.50 
0.36 
0.52 
0.68 
0.84 
1.00 
1.16 
0.30 
-0.50 
-0.15 
0.01 
-0.50 
-0.50 
-0.30 . 
-0.14 
-0.50 
-0.50 
-0.30 
-0.14 
0.02 
-0.50 
-0.23 
-0.07 
0.09 
0.25 
0.41 
0.57 
0.73 
0.89 
1.05 
1.21 
1.37 
1.53 
1.69 
1.85 
2.01 
2.17 



Table Q-A-3 (Cont'd): Updated Cooperative Plan Depths 

Year Rch R03 Rch R04 Rch R05 Rch LO5 Rch R05 Rch LO6 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 

0 . 0 0  
0 . 1 6  
0 . 3 2  
0 . 4 8  
0 . 6 3  
0 . 7 6  
0 . 8 9  
1 . 0 5  
0 . 6 3  
0 . 3 4  

- 0 . 4 8  
-0 .32  
- 0 . 1 6  
-0 .00  

0 . 1 6  
0 . 3 2  
0 . 0 0  

- 0 . 2 1  
-0 .50  
- 0 . 3 4  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 5 0  
-0 .34  
-0 .50  
-0 .50  
-0 .50  
-0.34 
-0 .50  
- 0 . 5 0  
-0 .50  
-0.34 
-0 .28  
- 0 . 2 6  
-0 .50  
-0.34 
- 0 . 1 8  
- 0 . 0 2  

0 . 0 4  
0 . 2 0  
0 . 3 6  
0 . 5 2  
0 . 6 8  
0 . 8 4  
1 . 0 0  
1 . 1 6  
1 . 3 2  
1 . 4 8  
1 . 6 4  
1 . 8 0  
1 . 9 6  

1 4 . 1 1  
1 4 . 2 7  
1 4 . 4 3  
1 4 . 5 9  
1 4 . 7 4  

9 . 6 7  
2 . 4 8  
1 . 9 7  
0 . 6 3  
0 . 3 4  

- 0 . 4 8  
-0 .32  
- 0 . 1 6  
-0 .00  

0 . 1 6  
0 . 3 2  
0 . 0 0  

- 0 . 2 1  
- 0 . 5 0  
-0.34 
-0 .50  
- 0 . 5 0  
-0 .50  
-0.34 
-0.50 
-0 .50  
-0 .50  
- 0 . 3 4  
-0 .50  
-0 .50  
-0.50 
-0.34 
-0 .28  
- 0 . 2 6  
-0 .50  
-0 .34  
-0 .18  
-0 .02  

0 . 0 4  
0 . 2 0  
0 . 3 6  
0 . 5 2  
0 . 6 8  
0 . 8 4  
1 . 0 0  
1 . 1 6  
1 . 3 2  
1 . 4 8  
1 . 6 4  
1 . 8 0  
1 . 9 6  

1 . 1 0  
1 . 2 6  
1 . 4 2  
1 . 5 8  
1 . 7 3  
1 . 8 6  
1 . 9 9  
1 . 9 7  
0 . 6 3  
0 .34  

-0 .48  
-0.32 
-0.16 
-0.00 

0 . 1 6  
0 .32  
0 . 0 0  

- 0 . 2 1  
-0 .50  
-0.34 
-0.50 
-0 .50  
-0.50 
-0.34 
-0.50 
-0.50 
-0.50 
-0.34 
-0.50 
-0.50 
-0 .50  
-0.34 
-0.28 
-0.26 
-0.50 
-0.34 
-0 .18  
-0.02 

0 . 0 4  
0 . 2 0  
0 . 3 6  
0 .52  
0 .68  
0.84 
1 . 0 0  
1 . 1 6  
1 . 3 2  
1 . 4 8  
1 .64  
1 . 8 0  
1 . 9 6  

2 . 3 9  
2 . 5 5  
2 . 7 1  
2.87 
3 . 0 2  
3 . 1 5  
2 . 4 8  
1 . 9 7  
0 . 6 3  
0 .34  

-0 .48  
-0 .32  
-0 .16  
-0.00 

0 . 1 6  
0 . 3 2  
0 . 0 0  

- 0 . 2 1  
-0.50 
-0.34 
-0 .50  
-0.50 
-0 .50  
-0.34 
-0.50 
-0.50 
-0 .50  
-0.34 
-0.50 
-0 .50  
-0.50 
-0.34 
-0 .28  
-0.26 
-0.50 
-0.34 
-0.18 
-0 .02  

0 . 0 4  
0 . 2 0  
0 . 3 6  
0 . 5 2  
0 . 6 8  
0 .84  
1 . 0 0  
1 . 1 6  
1 . 3 2  
1 . 4 8  
1 .64  
1 . 8 0  
1 . 9 6  

Q-A-7 

6 .30  
6 . 4 6  
6 .62  
6 . 7 8  
6 . 9 3  
7 . 0 6  
7 . 1 9  
7 . 3 5  
7 . 5 1  
7 . 6 7  
7 . 8 3  
7 . 9 9  
2 .44  
2 . 6 0  

- 0 . 5 0  
-0.34 
-0 .18  
-0 .02  

0 .14  
0 . 3 0  
0 . 4 6  
0 . 6 2  

-0 .50  
-0.34 
-0 .18  
-0 .50  
- 0 . 5 0  
-0.34 
-0 .18  
-0 .50  
-0 .50  
-0.34 
- 0 . 1 8  
- 0 . 0 2  

0 .14  
0 . 3 0  
0 . 4 6  
0 . 6 2  
0 . 7 8  
0 .94  
1 . 1 0  
1 . 2 6  
1 . 4 2  
1 . 5 8  
1 . 7 4  
1 . 9 0  
2 . 0 6  
2 . 2 2  
2 . 3 8  
2 .54  
2 . 7 0  

6 . 0 5  
6 . 2 1  
6 . 3 7  
6 . 5 3  
6 .68  
6 . 8 1  
6.94 
7 . 1 0  
7 . 2 6  
7.42 
7 . 5 8  
0 . 8 0  
0 . 9 6  

-2.00 
-1.84 
-1.68 
-1.52 
-1 .36  
-1 .20  
-1.04 
-0 .88  
-0 .72  
-2 .00  
-1.84 
-1.68 
-2 100 
-2 .00  
-1.84 
-1.68 
-2 .00  
-2.00 
-1.84 
-1 .68  
-1.52 
-1.36 
-1 .20  
-1.04 
-0.88 
-0.72 
-0 .56  
-0 .40  
-0.24 
-0.08 

0 . 0 8  
0 .24  
0 . 4 0  
0 . 5 6  
0 .72  
0 . 8 8  
1 . 0 4  
1 . 2 0  



Table Q-A-3 (Cont'd) : Updated Cooperative Plan Depths 

Year Rch R07 Rch R08 Rch L11 Rch U13 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 

1.15 
1.31 
1.47 
1.63 
1.78 
1;91 
2.04 
2.20 
2.36 
2.52 
2.68 
2.84 
2.44 
2.60 
-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
-0.50 
-0.34 
-0.18 
-0.50 
-0.50 
-0.34 
-0.18 
-0.50 
-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
1.26 
1.42 
1.58 
1.74 
1.90 
2.06 
2.22 
2.38 
2.54 
2.70 

14.06 
14.22 
14.38 
14.54 
14.69 
14.82 
14.95 
15.11 
15.27 
15.43 
15.59 
15.75 
2.44 
2.60 
-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
-0.50 
-0.34 
-0.18 
-0.50 
-0.50 
-0.34 
-0.18 
-0.50 
-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
1.26 
1.42 
1.58 
1.74 
1.90 
2.06 
2.22 
2.38 
2.54 
2.70 

4.29 
4.45 
4.61 
4.77 
4.92 
5.05 
5.18 
5.34 
5.50 
5.66 
5.82 
5.98 
2.44 
2.60 
-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
-0.50 
-0.34 
- 0 -  18 
-0.50 
-0.50 
-0.34 
-0.18 
-0.50 
-0.50 
-0.34 
-0.18 
-0.02 
0.14 
0.30 
0.46 
0.62 
0.78 
0.94 
1.10 
1.26 
1.42 
1.58 
1.74 
1.90 
2.06 
2.22 
2.38 
2.54 
2.70 

9.47 
9.63 
9.79 
9.95 
10.10 
10.23 
10.36 
10.52 
10.68 
10.84 
11.00 
0.80 
0.96 
-2.00 
-1.84 
-1.68 
-1.52 
-1.36 
-1.20 
-1.04 
-0.88 
-0.72 
-2.00 
-1.84 
-1.68 
-1.52 
-2.00 
-1.84 
-1.68 
-2.00 
-2.00 
-1.84 
-1.68 
-1.52 
-1.36 
-1.20 
-1.04 
-0.88 
-0.72 
-0.56 
-0.40 
-0.24 
-0.08 
0.08 
0.24 
0.40 
0.56 
0.72 
0.88 
1.04 
1.20 

Q-A-8 



Table Q-A-4: Updated Cooperative Plan 
Dredging Volumes ( 0 0 0  cubic  yards)  

Year Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 ’ 2045 

0.0  
0 .0  
0 .0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 .0  
0 .0  
52.6 
0.0 
0.0 
0.0 
0.0 
0.0 
39.4 
30.4 
37.0 
0.0 
26.3 
13.1 
13.1 
0.0 
26.3 
15.6 
16.4 
0.0 
29.6 
18.9 
17.2 
0.0 
11.5 
14.0 
35.3 

0 . 0  
0 .0  
0 .0  
15.6 
0.0 
0.0 
0.0 
0.0  
0 .0  
0 .0  
0 .0  
0.0 
0 .0  
0 .0  
0 . 0  
0 .0  

0 . 0  
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
7.9 
49.1 
115.4 
49.1 
81.5 
0.0 
0.0 
0.0 
74.3 
0.0 
11.5 
30.3 
42.6 
0.0 
36.8 
23.8 
19.5 
0.0 
29.6 
20.9 
18.8 
0.0 
28.9 
20.9 
18.8 
0.0 
13.0 
14.4 
33.2 
0.0 
0.0 
0.0 
18.0 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 .0  
0 .0  
0 .0  
0 . 0  
0 .0  
0.0 
0.0 
0.0 
8.3 
19.2 
43.2 
0.0 
0.0 
0.0 
25.7 
0.0 
6.5 
18.3 
25.3 
0.0 
21.8 
13.9 
11.3 
0.0 
17.4 
12.6 
10.9 
0.0 
17.4 
12.6 
10.9 
0.0 
7.8 
8.7 
20.0 
0.0 
0.0 
0.0 
10.9 
0.0 
0.0 
0.0 
0 .0  
0 .0  
0.0 
0.0 
0.0 
0 . 0  
0 .0  
0.0 
0 .0  

0 . 0  
0 .0 
0.0 
0 .0  
0 . 0  
0.0 

133.2 
66.6 
147.9 
44.1 
97.0 
0.0 
0.0 
0.0 
0.0 
0.0 
47.0 
36.2 
45.1 
0.0 
31.3 
15.7 
15.7 
0.0 
31.3 
15.7 
15.7 
0.0 
31.3 
15.7 
15.7 
0.0 
9.8 
13.7 
39.2 
0.0 
0.0 
0.0 
9.8 
0.0 
0.0 
0.0 
0.0  
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0 . 0  
0 . 0  
0.0 
0.0 
0 . 0  
0.0 
0.0 
0 . 0  
0 . 0  
10.6 
0.0 
0.0 
0.0 
0.0 
0.0 
17.6 
13.5 
16.5 
0.0 
11.7 
5.9 
5.9 
0.0 
11.7 
5.9 
5.9 
0.0 
11.7 
5.9 
5.9 
0.0 
3.7 
5.1 
14.6 
0.0 
0.0 
0.0 
3.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0 .0  
0.0 
0 . 0  

0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0 .0  
0.0 
0 .0  
0 . 0  
0.0 
0.0 
0.0 
0 . 0  
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
9.7 
0.0 
0.0 
3.0 
3.0 
0.0 
0.0 
4.5 
1.5 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0.0 
0 . 0  
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 

0 . 0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 .0  
0 .0  
0 . 0  
0.0 
0.0 
0.0 
5.3 
0.0 
0.0 
0.0 
0 . 0  
0 .0  
0 . 0  
0 . 0  
12.4 
0.0 
0.0 
5.9 
2.2 
0.0 
0.0 
4.7 
2.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 .0  
0 .0  
0 .0  
0 . 0  
0 . 0  

Q-A-9 



Table Q-A-4 (Cont'd): Updated Cooperative Plan Volumes 

Year Reach 8 Reach 9 Reach10 Reach11 Reach12 Reach13 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 

0 . 0  
0 .0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 .0  
0 .0  
0.0 
43.4 
62.5 
34.1 

0 . 0  
0 . 0  
0.0 
0.0 
0.0 
4.2 
30.0 
17.5 
0.0 
1.3 
14.5 
9.5 
0.0 
9.0 
6.6 
5.5 
0.0 
0.0 
0.0 
11.2 
0.0 
0.0 
0.0 
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 . 0  
0 . 0  

0 .0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 .0  
45.0 
0.0 
62.8 
0.0 
0.0 
0.0 

21.7 
0.0 
0.0 
27.6 
2.7 
0.0 
16. P 
8.7 
5.6 
0.0 
2.7 
7.3 
5.1 
0.0 
0.0 
0.0 
10.9 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0 .0  
0 .0  
0 . 0  
0 .0  

0 . 0  
0 . 0  
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
9.6 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
9.7 
0.0 
0.0 
5.0 
2.0 
0.0 
0.0 
3.3 
1.7 
0.0 
0.0 
0.0 
4.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 . 0  
0 . 0  
0 .0  
0 .0  
0 .0  
0 . 0  
0 .0  
0 .0  
0 .0  
0 .0  
0 . 0  
0 .0  
0 .0  
0.0 
42.7 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
27.3 
0.0 
0.0 
12.6 
5.0 
0.0 
0.0 
8.0 
3.9 
0.0 
0.0 
0.0 
10.2 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 .0  
0 . 0  
0 .0  
0 . 0  
0 .0  
0.0 
0 .0  
0.0 

0 . 0  0 . 0  
0.0 0.0 
0.0 0.0 
0 . 0  0 . 0  
0 . 0  0 . 0  
0.0 0 . 0  
0.0 0.0 
0.0 0.0 
0.0 0 . 0  
0 . 0  0 . 0  
0 . 0  0.0 
0.0 0.0 
33.3 111.9 
32.9 7.0 
12.6 54.7 

0 .0  0 .0  
0.0 0 . 0  
0.0 0 . 0  
0 . 0  0.0 
0.0 0.0 
0.0 0.0 
0.0 13.2 
13.3 14.6 
0.0 0.0 
0.0 0.0 
7.9 8.6 
3.9 3.5 
0.0 0.0 
3.5 0.0 
2.4 6.7 
1.9 3.2 
0.0 0.0 
0.0 0.0 
0.0 0.0 
5.1 8.8 
0.0 0.0 
0.0 0.0 
0 . 0  0.0 
0 .0  0.0 
0.0 0 . 0  
0.0 0 . 0  
0.0 0.0 
0.0 0 . 0  
0 .0  0.0 
0.0 0.0 
0 .0  0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0 .0  0.0 
0.0 0 . 0  
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Table Q-A-4 (Cont'd): Updated Cooperative Plan  Volumes 

Year Rch R03 Rch R04 Rch R05 Rch LO5 Rch R06 Rch LO6 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 

0 .0  0 . 0  
0 . 0  0.0 
0 . 0  0 . 0  
0 . 0  0 .0  
0.0 0.0 
0.0 134.8 
0.0 190.0 
0.0 17.4 
16.9 38.9 
12.6 11.4 
28.4 25.7 

0.0  0.0 
0 . 0  0.0 
0 .0  0 . 0  
0 .0  0.0 
0.0 0 . 0  
13.8 12.4 
10.6 9.6 
12.9 11.7 
0.0 0.0 
9.2 8.3 
4.6 4.1 
4.6 4.1 
0.0 0.0 
9.2 8.3 
4.6 4.1 
4.6 4.1 
0.0 0.0 
9.2 8.3 
4.6 4.1 
4.6 4.1 
0.0 0.0 
2.9 2.6 
4.0 3.6 
11.5 10.4 
0.0 0.0 
0.0 0.0 
0.0 0.0 
2.9 2.6 
0.0 0.0 
0.0 0 . 0  
0 . 0  0 . 0  
0 .0  0.0 
0 .0  0.0 
0 .0  0 . 0  
0 . 0  0.0 
0.0 0 . 0  
0 .0  0.0 
0 .0  0.0 
0 .0  0 .0  
0 .0  0 . 0  

0 .0  
0 .0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.7 
5.6 
1.6 
3.7 
0.0 
0.0 
0.0 
0.0 
0.0 
1.8 
1.4 
1.7 
0.0 
1.2 
0.6 
0.6 
0.0 
1.2 
0.6 
0.6 
0.0 
1.2 
0.6 
0.6 
0.0 
0.4 
0.5 
1.5 
0.0 
0.0 
0.0 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  

0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 .0  
0 .0  0 . 0  
0 .0  0.0 
0.0 0.0 
4.8 0.0 
4.0 0.0 
8.9 0.0 
2.6 0.0 
5.9 0.0 
0.0 0.0 
0.0 4.6 
0.0 0.0 
0.0 2.6 
0.0 0.0 
2.8 0.0 
2.2 0.0 
2.7 0.0 
0.0 0.0 
1.9 0.0 
0.9 0.0 
0.9 1.0 
0.0 0.0 
1.9 0.0 
0.9 0.4 
0.9 0.1 
0.0 0.0 
1.9 0.0 
0.9 0.4 
0.9 0.1 
0.0 0.0 
0.6 0.0 
0.8 0.0 
2.4 0.0 
0.0 0.0 
0.0  0.0 
0.0 0.0 
0.6 0.0 
0.0 0.0 
0.0  0.0 
0.0 0 . 0  
0 .0  0 . 0  
0.0 0.0 
0 .0  0.0 
0.0 0 .0  
0 .0  0.0 
0.0 0.0 
0.0 0.0 
0 .0  0.0 
0 . 0  0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 .0  
0 .0  
0.0 
0 .0  
0.0 
0 . 0  
10.0 
0.0 
4.5 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
2.1 
0.0 
0.0 
0.7 
0.2 
0.0 
0.0 
0.7 
0.2 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
0 .0  
0.0 
0 . 0  
0 . 0  
0.0 
0 .0  
0 . 0  
0.0 
0.0 
0.0 
0 .0  
0 . 0  

Q-A- 1 1 



2 I -v-0 

0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
1.2 1.0 
1'9 P'O 
0'0 0'0 
0'0 0'0 
E'8 T.0 
0'0 6'0 
0'0 0'0 
0'0 0'0 
9-81 6'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 6.2 
P'OP 0'0 
0'0 L'Z 
Z'bET 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 

0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
E'T E'O 
0'6 0-1 
0'0 0'0 
0'0 0'0 
E'T E'O 
O'P O'T 
0'0 0'0 
0'0 0'0 
L'OT L'Z 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
T'LZ 8'9 
0'0 0'0 
T'ZTT 2.T 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 

SPOZ 
bPOZ 
EPOZ 
ZPOZ 
TPOZ 
ObOZ 
6EOZ 
8EOZ 
LEOZ 
9EOZ 
SEOZ 
PEOZ 
EEOZ 
ZEOZ 
TEOZ 
OEOZ 
6ZOZ 
8102 
LZOZ 
9zoz 
szoz 
PZOZ 
EZOZ 
zzoz 
TZOZ 
ozoz 
6TOZ 
8TOZ 
LTOZ 
9TOZ 
STOZ 
bTOZ 
ETOZ 
ZTOZ 
TTOZ 
OTOZ 
6002 
8002 
LOOZ 
9002 
sooz 
POOZ 
EOOZ 
zooz 
1001 
0001 
666T 
8661 
L66T 
9661 
S66T 
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1. AUTHORITY 

The Water Resources Policies and Authorities ER 1165-2-132, 
Hazardous, Toxic and Radioactive Waste (HTRW) Guidance for 
Civil Works projects, requires that a site investigation be 
conducted as early as possible to identify and evaluate 
potential HTRW problems. This report documents the work 
performed during preparation of the Environmental Impact 
Statement for the construction of a Confined Disposal 
Facility (CDF) to be used for dredge material from Indiana 
Harbor and Indiana Harbor Canal, Indiana. 

2. APPROACH 

The purpose of this investigation was to evaluate the extent 
of HTRW at the ECI site in East Chicago, Indiana and to 
determine what impacts known HTRW materials will have on 
construction and operation of a CDF at-that site. This 
assessment relied primarily on coordination with the U.S. 
Environmental Protection Agency (USEPA), the Indiana 
Department of Environmental Management (IDEM), the City of 
East Chicago and site characterization data obtained by 
Geraghty & Miller, Inc., a consultant for ARCO, Inc. 
Additional information was obtained from the USEPA 
Facilities Index System Database (FINDS). 

3 .  PROJECT DESCRIPTION 
- __ __ 

The ECI site had been owned and operated for 60 years by 
Sinclair Oil Company, Inc. Sinclair sold the site in 1968, 
prior to enactment of the Resource Conservation and Recovery 
Act (RCRA) I to Atlantic Richfield Company (ARC01 . ARCO 
operated the site for 8 years and sold the site in 1976 to 
Energy Cooperative, Inc. (ECI). ECI notified the USEPA, 
Region V on July 1, 1980 of hazardous waste activity on the 
site. ECI submitted a Part A application on November 13, 
1980 as required by RCRA and acquired RCRA interim status. 
The Part A application indicated that slop o i l  emulsion 
solids from petroleum refining (listed hazardous waste K049) 
and separator sludge (listed hazardous waste K051) were 
being stored in tanks and incinerated at the facility. ECI 
filed for Chapter 11 bankruptcy in 1981. In 1984, U.S. 
Bankruptcy Court, Northern District of Illinois, Eastern 
Division, ordered the facility to be closed in an 
environmentally sound manner. 

ECI's contractor razed all above ground structures and 
identified hazardous wastes for removal. Identified 
hazardous wastes included 600 cubic yards of API separator 
sludge (KO511 located in an API separator, two tanks 
containing a total of 2,558 barrels of API separator sludge, 
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two tanks totaling 61 barrels of slop oil emulsion solid 
(K049) , six drums of tetraethyl lead waste, and 7,000 
barrels of waste gasoline. In addition to the tanks, 
storage containers and the incinerator, there were several 
pits, sumps and spill areas. Pumps were removed from lead 
pump pits and then the pits were filled. There was no 
testing of residuals that remained in the pits. 
Subsequently, the site was graded for drainage and covered 
with top soil. 

Despite these activities, the hazardous waste units were 
never closed in accordance with the requirements of RCRA ( 4 0  
CFR Part 265, Subpart G). RCRA requires closure when a 
hazardous waste treatment, storage or disposal unit ceases 
operation. Under RCRA closure the site can either be clean 
closed, meaning contamination is not present or is removed, 
or closed in place, meaning contaminants are contained in 
place and monitored. It is anticipated that clean closure 
would not be feasible for the ECI site. 

In addition, as the ECI facility was still seeking a 
hazardous waste permit after November 8, 1984, the facility 
is also subject to RCRA corrective action (RCRA Sections 
3004 (u) and (v), and 3008 (h)). RCRA corrective action 
requires remediation as necessary to protect human health 
and the environment from all releases of hazardous waste and 
hazardous constituents from solid waste management units at 
the facility. The RCRA closure and corrective action 
requirements associated with the portions of the site 
affected by the CDF proposal have been integrated into the 
CDF design. 

The U . S .  EPA and the Indiana Department of Environmental 
Management (IDEM) share the responsibility for 
administration and implementation of the RCRA program within 
the State of Indiana. Both IDEM and U.S. EPA agree that the 
RCRA closure and corrective action issues associated with 
the ECI site will need to be addressed. As noted above, 
IDEM and U . S .  EPA have determined that the closure of the 
hazardous waste units previously housed at the facility and 
corrective action for the facility portions which would 
underlie the CDF can be incorporated into the CDF design. 
The remaining corrective action requirements for the non-CDF 
facility parcels at the ECI site would be addressed in the 
future. Proposals for the closure of RCRA hazardous waste 
units in the State of Indiana must be approved by IDEM. The 
implementation of corrective action in the State of Indiana 
is currently the responsibility of the U.S. EPA. 

In 1989 the City of East Chicago foreclosed on the ECI site 
as payment for back taxes, unaware of the site's RCRA 
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status. Since the City of East Chicago became the owner of 
the site without having approved corrective action and 
closure plans in place, the City of East Chicago assumed the 
RCRA liability and is currently the responsible party. A 
Phase I11 Subsurface Characterization performed by E M ,  Inc. 
confirmed the USEPA's speculation that debris and 
underground storage tanks and pipelines had been left in 
place. The USEPA anticipates that the contaminants on site 
will consist mostly of crude oil and refined crude oil due 
mostly to spillage. 

In July 1990, the U.S. Coast Guard reported observation of 
free product flowing from seeps on the ECI site into the 
Lake George Branch of the Indiana Harbor Canal. In order to 
contain the flow, the City of East Chicago installed 4 
recovery wells in December of 1992. The wells were placed 
adjacent to an existing sheet pile wall located parallel to 
the Lake George Branch of the Indiana Harbor Canal, from 
Indianapolis Boulevard to the railroad at the western edge 
of parcel IIA. An inspection of the sheet pile wall 
indicated that there may be a break near the center of the 
wall. The recovery wells were placed at each end of the 
sheetpile wall, and near the suspected break. Analysis of 
the recovery water from the wells has identified product 
from wells placed at the two ends of the sheetpile wall but 
not from those placed near the,middle. 

Twice during the 1980's the USEPA, investigated the ECI site 
and tabulated a score for the site under the Comprehensive 
Environmental Response Compensation and Liability Act 
(CERCLA). On both occasions the score was not high enough 
to place the site on the National Priorities List or the 
State Superfund List, but since scores were tabulated, the 
site appears on the CERCLIS Database. 

ARCO's consultant, Geraghty & Miller, Inc. has conducted a 
site investigation and in addition to geological data, has 
collected information on the occurrence and thickness of 
free phase hydrocarbons at the ECI site. Geraghty & Miller 
also intends to collect geochemical and geotechnical data 
from the ECI site, which will be made available to the Corps 
of Engineers upon receipt. 

As noted above, various elements required to complete RCRA 
closure/corrective actions for the underlying portions of 
the CDF at the ECI facility have been incorporated into the 
CDF design and would become integral to the CDF. These 
include: (1) a slurry wall around the perimeter of ECI 
Parcels I, IIA and IIB extending from the ground surface 
down about 33 feet to the stiff clay underlying the site; 
(2) a clay cap on Parcel I, tied into the slurry wall; ( 3 )  a 
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groundwater gradient control system on Parcels I, IIA, and 
IIB; and (4) installation of an on-site facility for 
pre-treatment of groundwater collected from Parcels I, IIA, 
and IIB, if needed. In contrast to Parcel I which would be 
capped during the initial phase of CDF construction, final 
closure of the CDF, would also fulfill the capping 
requirements for the RCRA corrective action of Parcels IIA 
and IIB. 

Parcel I previously housed the RCRA hazardous waste units at 
the facility. These structures were razed along with the 
rest of the above ground structures, but were never closed 
in conformance with the RCRA regulations. Due to the 
apparent ubiquitous nature of the on-site contamination on 
this Parcel and in accordance with their regulatory 
authorities, IDEM determined that closure in-place would be 
most appropriate for the area which previously housed the 
hazardous waste units. The in-situ closure design for 
Parcel I would include a slurry wall, a gradient control 
system consisting of ground water extraction wells which 
would maintain ground water flow into this portion of the 
CDF and an overlying 3-fOOt compacted clay cap with a 
hydraulic conductivity of lo-’ cm/s. 
would be placed on the existing surface and would overlie 
Parcel I. The slurry wall would extend-approximately 33 
feet from the ground surface into an underlying clay till 
unit. U.S. EPA has determined that construction of these 
components would also address the corrective action 
requirements for Parcel I. These RCRA closure and 
corrective action components have been incorporated into the 
proposed CDF design. Once constructed, Parcel I would be 
subject to the RCRA post-closure care and permitting 
requirements applicable to hazardous waste units for 
maintenance and monitoring. Corrective action for the non- 
CDF portions of the ECI site would be addressed at that 
time. The post-closure care requirements under RCRA would 
be integrated into the maintenance and monitoring 
requirements for the CDF. 

The compacted clay cap 

The CDF will also overlie facility Parcels IIA and IIB. 
Unlike Parcel I, these site portions never housed hazardous 
waste units and are n o t  subject to the RCRA closure 
requirements. However, these facility portions are subject 
to the RCRA corrective action requirements, which addresses 
releases associated with waste handling practices to the 
environment. Given the apparent widespread presence of 
contamination associated with these facility parcels, U.S. 
EPA determined that an acceptable corrective action scenario 
for these site portions would be similar to the proposed 
corrective action scenario outlined above f o r  Parcel I. 
This would consist of a perimeter slurry wall associated 
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with a hydraulic conductivity of 10'' cm/s tied into the 
underlying clay unit, and a ground water removal system 
consisting of ground water extraction wells placed within 
the interior of the slurry wall. In contrast to the 
placement of the overlying clay layer for Parcel I providing 
the final cap for this site portion, final capping of Parcel 
IIA and IIB would be done during final closure of the CDF. 
The corrective action components for Parcels IIA and IIB 
would be incorporated into the CDF design and connected to 
the closure/corrective action components for Parcel I. The 
corrective action maintenance and monitoring requirements 
for these facility parcels would integrated into the 
maintenance and monitoring requirements of the CDF. 

In addition, the facility would also be subject to 
maintenance and monitoring requirements under the TSCA 
authorization as the CDF would house the regulated PCB 
sediments currently within the Project, A subcell within 
the CDF will be constructed in accordance with the 
requirements under TSCA for the disposal of the Project 
sediments associated with PCB concentration equal to or 
exceeding 50  ppm. 
requirements for this subcell under TSCA would also be 
integrated into the maintenance and monitoring requirements 
for the CDF. 

These maintenance and monitoring 

Final closure design of the CDF and the corrective action 
unit for Parcels I I A  and IIB, would entail the placement of 
cap. After final closure, maintenance of the CDF will 
include the removal of any volunteer vegetation which could 
impact the hydraulic conductivity of the compacted clay 
liner. 

The U.S. Army Corps of Engineers, Chicago District 
coordinated extensively with the USEPA, Region V and the 
IDEM in 1992 to develop the plan discussed above to combine 
the required RCRA closure and corrective actions with 
construction of a dredged material confined disposal 
facility on Parcels IIA and IIB of the ECI site. The 
objective of the discussions was to develop a combined plan 
that was cost-effective and environmentally sound, met 
regulatory requirements, and resulted in significant cost 
savings for Federal interests. 

The USEPA and the IDEM indicated that if the proposed CDF 
were to be constructed on a clean upland site as opposed to 
an existing contaminated site, such as the ECI site, total 
hydraulic separation between the CDF and the site would be 
required. Total hydraulic separation would involve 
construction of several very costly separation liners and 
monitoring layers. However, due to widespread nature of the 
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contamination at the ECI site, the closure and the 
corrective action needs for the underlying portions of the 
site have been incorporated into the CDF design. Thus the 
slurry wall and gradient control system would be used to 
contain both the on-site contamination and the contaminants 
associated with the Project sediments. 

4 .  SITE VISIT 

Ms. Kay Nelson, Project Manager for the East Chicago 
Sanitary District conducted a site visit in early June 1993 
to evaluate the impact of heavy rainfall on the site. Ms. 
Nelson indicated that there appear to be no new seeps on 
Parcels IIA and IIB (the proposed project site). Ms. Nelson 
indicated that the site has become very densely vegetated 
since the summer of 1992. She reported seeing cottonwood 
trees and tall grass, making identification of seeps and 
free phase liquid difficult. Ms. Nelson suspects that the 
recovery wells are responsible for preventing the 
development of new seeps on the main parcel- Ms. Nelson 
visually inspected runoff from the site that was flowing 
into storm sewers along Indianapolis Boulevard. Ms. Nelson 
reported that there was no visible free phase liquid in the 
runoff and there was no evidence of staining on the concrete 
surrounding the sewer grates. 2 a 

U-S. Army Corps of Engineers, Chicago District personnel 
have not inspected the site recently. Site inspections by 
U.S. Army Corps of Engineers personnel will be included in 
future work. 

7 

5. DATABASE INFORMATIGN 

U.S. Army Corps of Engineers personnel reviewed the USEPA 
Facilities Index Database System (FINDS) to identify which 
sites in the City of East Chicago have been included on the 
USEPA's Comprehensive Environmental Response Compensation 
and Liability Information System (CERCLIS) and the Resource 
Conservation and Recovery Information System (RCRIS) 
databases. This information, shown iz Table R-1, is not of 
particular importance in this case, since it is already 
known that the proposed site is regulated under RCRA, but 
the database retrieval does show that the area in which this 
site is located is heavily industrialized and contains 
numerous sites listed on the CERCLIS database. 
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Table R-l 
FINDS Database Retrieval 
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Table R-1 (Continued) 
FINDS Database Retrieval 



5.1 AERIAL PHOTOGRAPHS & MAPS 

An examination of aerial photographs taken in 1978 shows 
numerous tanks and processing structures on the ECI site. 
The plant was obviously in operation as shown by functioning 
stacks. Some of the tanks on the site had open tops and 
appear to have been filled or partially filled with liquid. 
Several undated aerial photos taken after the site was 
leveled indicate that all of the surface structures have 
been removed. Some features such as roads and railways are 
still visible. It appears that much of the area has been 
backfilled and graded. Outlines of concrete pads that once 
held storage tanks are still visible, especially in the 
northern end of the site. There appear to be areas of 
sparse vegetation perhaps indicating areas where spills had 
occurred or where there are surficial quantities of 
construction debris. There appears to be an extensive pool 
of free phase liquid north of the railroad track which may 
consist of water or liquid contamination or some combination 
of both. 

One of the important features of East Chicago revealed by 
the aerial photographs is the heavy industrialization of the 
area. All the land adjacent to the Lake George Branch of 
the Indiana Harbor Canal and the Indiana Harbor Canal is 
industrial, and appears to be centered around refining and 
coal processing. There is a residential area northwest of 
the ECI site, but there is a band of industrial property 
between the ECI site and the residences. There are no open 
nearby sites suitable for construction of an upland CDF. 
Open areas near the site are either inundated with water or 
directly adjacent to residential areas. 

6. SITE CHARACTERIZATION DATA 

Geraghty & Miller, Inc. collected data from 49 wells, 
borings and piezometers on the ECI site between November 20, 
1991 and March 20, 1992 on presence and thickness of free 
phase hydrocarbon product in the wells. Figure R-1 shows 
the locations of wells, borings and piezometers and the 
minimum and maximum product thickness where product was 
encountered. Tables R-2 shows the thickness of the free 
phase product during the period from 22 to 24 March 1993. 
It should be noted that Table R-2 includes wells not located 
in Parcels IIA and IIB and not shown in Figure R-1. 
R-3 shows the American Petroleum Institute (API) gravity and 
specific gravity for the product encountered. Table R-4 
shows the API gravity, viscosity and PCB concentration f o r  
samples of product. Additional site characterization data 
was collected by ERM and summarized in a report entitled 
Phase 111: Subsurface Characterization of the ECI site. The 

Table 
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results of this report have been discussed with numerous 
members of the USEPA, the IDEM, the City of East Chicago and 
Geraghty & Miller. At the time this appendix was prepared, 
however, the Phase I11 report was not available for review. 
In addition, some information from the Ecology Environment 
Scoring of the ECI site was discussed, but this report was 
also not available for review. These documents and all 
forthcoming characterizations will be reviewed and discussed 
in greater detail in the future. 

7. PHONE COORDINATION 

U.S. Army Corps of Engineers personnel coordinated with Mr, 
Dave Petrovski of the USEPA, Ms. Carla Gill of the IDEX, Ms, 
Kay Nelson of the City of East Chicago, and Ms. Kathy Duchac 
of Geraghty & Miller, Inc. 

8. HTRW ENVIRONMENTAL ISSUES 

The presence of HTRW at the ECI site is well known. 
Inc. and the City of East Chicago have documented the 
presence of petroleum related HTRW, and will perform a 
limited quantification of the volume and range of wastes 
present. Although construction of the CDF at the ECI site 
may introduce some added liability that would not be 
involved in construction at a clean site, it seems likely 
that this liability will be offset by significant cost 
savings in engineering and constructing the CDF, and 
complying with regulatory requirements. 

ARCO, 

The presence o f  the HTRW should not significan'tly impact the 
design, construction, or operation of the CDF, although it 
is likely that workers will be required to wear personal 
protective equipment during construction. Personal 
protective equipment will also be required during dredging 
the harbor and filling the CDF and possibly f o r  monitoring 
activity, but this is a result of the nature of the sediment 
and not the location of the CDF. 

Northwest Indiana is a heavily industrialized area. 
Building a CDF for Indiana Harbor sediments, some of which 
are regulated under the Toxic Substances Control Act (TSCA) 
due to PCB concentrations, in a clean area is less desirable 
than constructing the CDF at the ECI site for two reasons: 

a. The USEPA and the IDEM have already indicated 
that if the CDF is built at a noncontaminated or l'green" 
site, stringent liner and collection systems will be 
required at substantial additional cost. In addition, the 
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USEPA and the IDEM have already demonstrated that they favor 
the plan to construct the CDF at the ECI site. 

contaminated material on one of northwest Indiana's few 
remaining green areas, and based on the demographic layout 
of the area, possibly bring contaminated material closer to 
a residential area. In contrast, building the CDF at the 
ECI site keeps the Indiana Harbor sediment in an industrial 
area and will not consume one of the few remaining green 
sites. 

b. Building a CDF at a clean site would place 

The ECI site is located in a prime location for construction 
of a CDF, based on proximity to the dredging location and 
ease of transporting the dredged sediment. The liability 
associated with l o s s  of TSCA contaminated sediment during 
transport to the ECI site is significantly less than the 
liability associated with transporting the sediment over' 
land to a more distant site. - 

In addition, since the CDF would be constructed in 
conformance with RCRA closure and corrective action, it 
seems likely that additional analysis required for design of 
the CDF could be accomplished by cooperative efforts with 
other parties involved. Geraghty & Miller have indicated 
their desire to tailor future ECI sampling and analysis to 
U.S. Army Corps of Engineers requirements. 

Since the ECI site will be contained using a slurry wall and 
a maintained inward gradient, the risk of migration of 
sediment related contaminants is very low. 

In addition to disposal of dredged material from the Federal 
navigation channel, materials excavated from the Inland 
Steel Company and LTV Steel Company berthing areas is also 
expected to be placed in the CDF. Dredged materials 
generated from the Inland Steel Consent Decree sediment 
remediation activities would be disposed of in the CDF as 
well. Any potential problems that might arise could be 
dealt with cost effectively, and the cost would be spread 
out among the all the parties involved. 

9. CONCLUSIONS 

There is significant petroleum based HTRW contamination at 
the ECI site. However, the HTRW should have no significant 
adverse impact on the design, construction or operation of 
the CDF. In fact, the condition of the ECI site will allow 
for construction of a CDF without costly liner and 
collection systems. 
involved will allow much of the necessary analysis to be 
conducted and paid for by non-Federal interests. 

Cooperative efforts between the parties 
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Table R-3 

Location"' 

. . .  

API ' specific 
Date Sampled Gravitym Gravitym 

Pipeline 1/8/92 

HYDROCARBON API AND SPECIFIC GRAVlTIES 

33.6 0.857 

ECI REFINERY S E E  
EAST CHICAGO, INDIANA 

(Page 1 of 2) 

MWO 1 7/19/9 1 
1/8/92 

Avcaage 

MW02 

MW03 

MWO5 

33.4 
32.5 
33.0 

- 

2/14m 29.9 0.877 

7/19/91 26.1 

Average 26.3 0.897 

21 14/92 41 0.820 

2/14f92 26.4 - 

MW06 

MW07 

MW08 

MW09 

MWll  

7/19/91 20.6''' 
2/ 14/92 26.9 
Avenge 23.8 0.911 

7/19/9 1 38.8 0.83 1 

7119s 1 34.3 
U 1 4 m  34.0 
Avuage 34.2 0.854 

7/19/91 27.7'" 
21 14/92 34.3 
Average 31.0 0.871 

12'17'91. 30.4 
1/8/92 30.5 

Average 30.5 0.873 

MW12 33.2 
32.6 
32.9 

12/12/91 
1/8/92 

Average 

~ 

0.861 

MW26 

MW27 

MW28 

MW32 

MW38 

1/8/92 I 25.7 0.900 

2/14/92 29.3 0.880 

1/7/92 31.6 0.868 

i n n 2  45.8 0.798 

2/14/92 34.9 0.850 
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Table R-3 (Continued) 

HYDROCARBON APX AND SPECIFIC GRAVTIES 

ECI REFINERY SITE 
EAST CHICAGO, INDIANA 

(Page 2 of 2) 

Location”’ Date Sampled 

Sotes: 

Ill 

0 

0)  

14) 

IJl 

Key: 

Only those locations where hydrocarbon samples were 
collected are shown. 
API gravity analysis was conducted at 60 OF. 
Specific gravity was calculated by using the avenge MI 
gravity as follows: 

141.5/(131.5 + API gnvity) 

Analysis was performed by Bralube  USA. Inc. on samples 
collected in June 1991. 
ih average specific gravity of 0.858 was tssumed for the 
following wells: EWO1. MW16. MWZO to M W .  
MW29. POI. PO6, PO9. P12, P13. P16 - P18. PZ!, P24 
to P27. 

MI = American Petroleum Institute. 
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Table R-4 

Location 

Pipeline 

MWOI 

M W02 

hlW03 

hiWO5 

M wo6 

MW07 

hfW08 

M W09 

hiW11 

MW12 

MW13 

MW25 

h.I W26 

h.IN’27 

SUhihtiRY OF HYDROCARBON C H A R A m r c O ’  

PcBs (mgkg) API 
G r a r i v  viscasitym 

Ardor  hxhr (dimensiodes) (centistokes) 
DateSampled w8 I254 I260 

1/8/92 c5 < 5  < 5  33.6 3.3 1 

7/19/91 - <5 <5 <5 33.4 3.3 
118192 <5 e5 C 5  32s 3.6 

2/14/92 NA NA NA 29.9 5.92 

7/19/91 c5 < 5  <5  26.1 13.33 
21 14/92 NA NA NA 26.4 14.12 

2/11/92 N A  N A  N A  41 1.63 

7/19/91 850 < 50 < 50 20.6”’ NA 
1013 119 1 3 80 < 50 < 50 NA NA 
21 14/92 NA NA NA 26.9 15.62 

7/19/91 <5 < 5  <5 38.8 2.78 

711419 1 <5 <5 <s 34.3 2.90 
2/ 14/92 NA NA NA 34.0 3.25 

7/19/91 < s  < S  < 5  27.7* NA 
in192 < 1  < 1  < 1  NA 3.68 

2: 14/92 N A  NA NA 34.3 4.18 

12/12/9 1 < 1  3.0 < I  30.4 5.1”’ 
1/8/92 c5 <5 C5  30.5 7.33 

< I  c1 33.2 8.8*’ I <‘: < 5  < 5  32.6 4.86 
12/12/9 1 
1/8/92 

121 1219 1 < I  3.6 < 1  NA NA 
1/8/92 < S  < 5  < 5  35.8 3.37 

ua/92 63 I C25 e25 NA NA 

1 /ai92 < 5  c5 11.4 25.7 133.01 

NA NA 
NA 29.3 4.94 

1/1/92 
2/14/92 NA 

I 

, 

i 

u 

~~ ~ ~~~ 7 

hlW28 1 1/7/92 < l  c1 

M W29 1/7/92 < 1  c1 

ECIREFlNERY SITE 
EAST CHICAGO, INDIANA 

(Page 1 of 2) 

31.6 1 4.22 

< 1  NA NA 
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Table R 4  (Continued) 

- 
PcBs ( m g k )  API 

Gravitym vi iosityo'  
h d o r  A d o r  A d o r  (dimensionless) (centistoke) 

Location Date Sampled 1248 Lt54 I260 

MW32 in192 < I  c1 < I  45.8 1.39 

MW38 i n n 2  < I  < I  < I  NA 3.20 
. 21 14/92 NA NA NA 34.9 3.55 

Po6 11/4/91 23 C 5  <5 NA 

PI 1 1/8/92 < 5  < 5  < 5  35.8 

PI3 1/8/92 I e5 < 5  < 5  NA 

TI5 iiai92 < S  < 5  e5 35.4 

P17 1/8/92 < S  < 5  < 5  NA 

PZO 1/2/92 < 1  < I  < I  32.5 

P2 1 1 RI92 < I  < I  < I  36.1 

P23 11392 < I  < 1  < I  35.2 

p28 I 1/2/92 I < I  I I < I  I 38.6 

ECIRERNERY SITE 
EAST CHICAGO, INDIANA 

m e  2 of 2) 

NA 

3.43 

NA 

2-78 

NA 

5-02 

2.90 

3.37 

I 2.32 

Notes: 

'I '  Analyses were conductrd by Core Laboratories. unless otherwise 
Only the PCBs detected in at lezst one sample are noted. 

presented. 
API gravity d y s i s  were Conductd i t  60 T. 

noted. 

c o l k t d  in June 1991. 

'' Viscosity analyses were c o n d u c a  at 25 OC, unless otherwise 

I" Analysis wzs p e r f o d  by BresLuk USA. Inc. on samples 

Is' Result prtsented is at 20 OC. 

Key: 

L 

PCB = Polychlorinated biphenyl. 
API = hmerican Petroleum Institute. 
N A  = Not analyzed. 
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APPENDIX S 

SAFETY AND HEALTH 

1. -0 se. 
matters to be considered when planning the Indiana Harbor 
dredging pro] ect . 

This memorandum serves to discuss safety and health 

2. M s w t i o n s  . Assumptions regarding the nature of both the 
project and the sediment to be dredged are based on information 
available to CENCC-SO as of the date of this memorandum. 
Assumptions include: 

a. That the project Will consist of lifting contaminated 
sediment from the channel bottom and into a scow by way of 
clamshell. 
and then loaded into trucks. In turn, the trucks will transfer 
the sediment to predetermined locations on the CDF site for 
dumping. 
processing with earth moving equipment. 

Sediment will be transferred by scow to the CDF site 

Sediment will be given time to dry sufficiently before 

b. Sediment to be dredged contains chemical compounds in 
concentrations which could prove harmful to workers either 
through skin contact or inhalation of released vapors or dusts, 

c. Sediment on the bgttom of the channel is not homogeneous 
and the possibility exists that contaminant concentrations may 
vary from location to location. 

3. 
project's safety and health prog?? will rely upon the analysis 
of the environmental data collected on and around the site, To 
be effective, such a monitoring program.should include: 

Representative sampling and chemical analysis of the 
sediment well prior to the commencement of the project so that 
worker-protection alternatives may be studied and focused upon. 

b. High-volume air sampling conducted at various locations 
throughout the length of the project to determine "work zones" 
(see attachment 1) as well as to measure the effect of operations 
on the surrounding community. 

Site Mon itorinq The development and maintenance of the 

a. 

c. Personal air monitoring to identify work assignments 
which pose the highest risk to worker health and safety. In 
addition, results of personal air monitoring will indicate the 
level of protection required for any particular task on the site, 
or at which times levels of protection must be tightened or may 
be relaxed. 



4. Personal Pr otective Eauipment (PpEL. 

a. &eve1 of Prot ection. In discussions held among CENCC-SO, 
CENCC-ED-HE, and CENCD-SO, it was agreed that at least Level *Cw 
dress-out (see attachment 2) would be required during the initial 
stages of the project for all workers involved in sediment 
dredging, hauling, dumping, and processing operations. Such was 
decided upon due to the likelihood of skin contact with the 
sediment as well as inhalation of volatile sediment components 
and dusts. It was agreed further that acceptable air monitoring 
results could result in the relocation of respirator 
requirements. However, chemical resistant suit requirements 
would not be relaxed for those workers subject to contact with 
the sediment. It was agreed upon that a 5 percent probability 
exists that Level "B" dress-out would be required at some time 
during the project. 

b. PPE. SDecial Considerations. 

. All workers who dress for Levels rBr or . .  
(1) Tralnlnq Vn Protection would require training in the use and care of 

protective equipment. 
known. 
OSHA-certified, n40-Hour Waste Site Worker* course, training cost 
per worker would be approximately $600 (1993). Individual 
respirator fitting and medical fitness exams would add another 
$400 to $600 (1993). I 

The cost of stand alone training is not 
However, if such training was conducted as part of an 

( 2 )  Ecruiment Cost. Attachment 3 details costs of both 
Level IrBn and Level "C* equipment as of the date of this 
memorandum. In addition to normal wear and tear, the service 
life of the PPE will depend upon.$he number of decontamination 
cycles to which the equipment is subjected. 
that some equipment, such as APR filters,' cannot be sufficiently 
decontaminated and therefore must be discarded prior to the 
exhaustion of its usefulness. 

It should be noted 

( 3 )  Worker Product ivitv. When workers are equipped with 
any level of PPE, productivity drops in comparison with that of a 
worker unencumbered by heavy, movement-restricting equipment. 
Factors to be considered include: 

(a) Press - out T h e  . Time taken to don Level NBnN PPE 
could take up to a half of an hour while 15 minutes could be 
expended on a Level V* dress-out. It should be noted that an 
assistant is assigned to each worker during suiting-up to ensura 
that all equipment is worn and working properly. 
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. PPE will serve to reduce the . .  (b) Worker Efflclencv 
efficiency of workers. It is widely accepted that a 50 percent 
reduction in efficiency is experienced with Level "B:" dress-out 
while Level trCtr inflicts up to a 20 percent reduction in worker 
output. Attachments 4 and 5 discuss various factors effecting 
output. Heat stress should be a major consideration in this 
project, especially if work is anticipated during the months of 
May through September. 

the "hot" zone must be decontaminated prior to exiting the site. 
Complete decontamination of a"worker could take upwards of 3 0  
minutes. Decontamination is carried out be teams who are wearing 
PPE at a level equal to that of the site worker they are cleaning 
up. 
during the course of their duties and must decontaminate 
themselves prior to entry into lesser contaminated areas. 
typical decontamination team for Level "Blr work would consist of 
8 persons while a Level "CN team would consist of 4 to 6 members. 
Attachment 6 illustrates typical decontamination schemes and 
provides a1 list of equipment needed to support the decontamina- 
tion process. 

(c) Pers onnel Decont-atioq . All workers who enter 

Decontamination team members become contaminated 

A 

5. E a u  inment Decontaminakioq . As with personnel, all tools, 
vehicles, and other equipment entering a contaminated area must 
be decontaminated prior to being released into non-contaminated 
areas. Therefore, cost considerations must be made for 
decontamination of equipment and replacement costs for items 
which cannot be adequately deconspminated. 

6. S U D D O ~ ~  Activities. Since it appears that most labor- 
intensive activities will occur within the "hotn zone, many of 
the normal support activities, such as equipment maintenance, 
surveying, and the like, will as well. Therefore, consideration 
should be given to the fact that all such activities will be 
likewise hampered by the health and safety precautions taken with 
regular site employees. 
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WAYS TO PROTECT ENVIRONMENT: 
Divm rain water from all wastes by using dikedditches, contour grading, and drainage pipes 
Collect all decon water 
Don't let contaminated water into clean arcas 
Segregate drums accordmg to classes to limit chance of chemical reactions on site 

Work Zones 

Another method to reduce exposure is by using work zones. To effectively organize work zones, 
undertake the following sups: 

DIRTY ZONE (ZONE 1) 
The innermost zone where contamination does or could occur is the most restricted. All p p l e  
entering must wear pnscribcd levels of ptcction. Exit points must be established at the outennost 
edge of the exclusion zone. This control point serves to regulate the flow of personnel and equipment 
into and out of the ana. Any procedures established for exit and entry are vai fed there. 

HOTLINE (THE BOUNDARY OF ZONE 1) 
The exclusion zone is initially estabMed by surveying the immediate environment and determining 
when the hazardous substances may be spreading. Guidance may be pOVided by additional data 
from the initial site survey. This boundary may be adjusted as more infomation h e s  available. 

CONTAM IN AT1 ON RED UCTl ON ZONE (ZONE2) 
This is the buffer to reducc probability of contamhation of the support zone while providing an area 
for exit and decontamination procedrrres. Depending on the size of the qaation, more dran one 
corridor may be needed. (One Corridor for heavy equipment and one corridor for ptople). 

Entrance to the Contaminatian Reduction zone is dough one control point. Persons entering must use 
prescribed protective equipment (as defined in the Standard Operating Procedure set up for that spill.) 
Likewise, exit from the Dirty Zone into the Clean Zone rcqUires removal of all protective equipment. 
This area must be conmlled and well defined. Rest breaks, food and water service, and filling of air 
cylinders should take place well away from the decontamination area. 

CLEAN ZONE (ZONE 3) 
All the command support equipment (equipment aailas, communication equipment) is located in h s  
zone. The zone is resuictcd to authorized response perso~el. Normal work cloths arc appropriate 
in this zone. Any contaminated equipment, samples, clothing and people arc decontaminated in the 
Contamination Reduction Zom prior to entrance into thc clean zone. w 

[Qt 

s-5 



SITE WORK ZONES 
(From Occ~~ational Sgfcry and Hralrh Gvdoncr Manual 

for Hamdow Wac SAC Anivuus. NIOSH. 1985.) 

ZONE 1: 
Hot Zone 
Dirty Zone 
Exclusion Zone 

ZONE 2: 
Contamination 

Warm Zone 
Reduction Zone 

ZONE 3: 
Clean Zone 
Support Zone 
Cold Zone 
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Four Levels of Protection 

Personnel must war protective equipment when activities involve known or suspected chemical, 
physical or biological hazards. 

Full face-piece respirators protect the lungs, gastrointestinal tract, and the eyes against airborne 
toxicants. 

Chemical-resistant clothing protects the slun from contact with corrosive and absorbable chemicals 
within limits. 

Good personal hygiene prevents ingestion of material. 

Equipment that protects the body against contact with known or anticipated toxic chemicals has been 
divided into four categories according to the degree of protection afforded: 

LEVEL A - Should be w ~ r n  W h e n  the hightst level Of RSP~WIY, skin and eye 
protection is needed. 
Should be worn when the highest level of respiratory protection, but 
a lesser degree of skin protection is needed. 
Should be worn when the cxitcria for airpmi5ying rcspiratorS art met. 
Should be worn as a basic work uniform where that arc no skin or 
respiratory hazards. It provides no respiratory protcuicm and 
minimal skin protection. 

LEVEL B - 

LEVEL C - 
LEVEL D - 

In hazardous materials work, the choice of levels of protcction must be based on the pential 
exposure to substances in the air, splashes of liquid, or other direct contact with matcrial due to the 
work being done. 

- 6  

In controlled situations (RCRA, CERCLA sites), levels of protection will be based on the type and 
measure of concentration of the chemical substance in the atmosphere and its toxicity. 

As additional data becomes available, a decision to move up or down a level may bc made. This 
decision to upgrade or downgrade levels of protection must be made by a qualified person. 

S-8 



Level A Protection 

D ESCRl PTI ON: 
The maximum level of protective clorhing and equipment designed to prevent contact of skin and 
body with hazardous substances. 

CONDITIONS: 
high potential for splash or immersion 
potential exposure to unknown vapors, gases, particulates, compounds 
dirtct h a n d  eye wmct 
potential far exposures above IDLH and/or TLV 
effects of substance on skin unknown 

Level A is often necessary for emergency respon~~ when little is known about the name or amount of 
hazardous material. Viton or butyl rubba fully cncapsularmg suits, which offa protection against the 
widest variety of contaminants, an best against unknown rntarnimnts. 

PERSONAL PROTECTIVE COMPONENTS OF LEVEL A 
Prtssun Demand SCBA 
Fully Encapsulating Suit (including boots and gloves) 
Coveralls (outer), chemical resistant suit, disposable* 
Light, loose fitting cotton lnmderwtar 
Gloves: e. 

- chemical-resistant glove auached to suit . c  

- chemical-resistant  out^ glove (warn ova  glove attished to Suit)+ 
- chemical-resistant inns glove 
- cloth OT leather worir gloves (disposed of after USC) 

Boots, chemical resistant, steel tot and shank (stttl.mecatarsal)* 

Chemical resistant boot covm (disposable)* 
Hard hat 
Two-way radio (intrinsically safe) 

- work over or under fully encapsulated suit (depending on suit typt and construction) 

+rdrped frunUsEpAmxlmneodnooa . fa Level A pootcnoa 

o p c i d  
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Level B Protection 

DESCRIPTION: 
Protective clothing and equipment designed to minimize or prevent contact of skin and body with 
hazardous substances, but not to prevent skin absorption of gases or vapors. 

CONDITIONS: 
Direct skin and eye contact 
Exposure to skin absorbing compounds safely below TLV 

..- 
Initial Entry (Contaminants Unknown) 
Off site investigations and observations do not indicate highly toxic compounds. 
Use %ton or butyl rubber 
Downgrade or upgrade as contaminants an identified. 

PERSONAL PROTECTIVE COMPONENTS OF LEVEL B 
Pressure Demand SCBA 
Non-Encapsulating Suit 

- hooded chemical resistant coveralls (disposable)* 
- one or two piece Chemical-spIash s i t  
- hooded, chemical resistant rain suit 

Chemical-resistant leggings and/or sleeve protectors 
Chemical resistant apron 
Coveralls (outer), chemical resistant suit, 
Light, loost fitting cotton tmdmear 
Gloves 

- chemical-resistant outer glove (extended cuff)* 
- chemical-resistant inna glove 
- cloth or leather work gloves (disposed of after UL)' 

-Boots, chemical resistant, steel toe and shank (steel metatarsal)* 
Boot covers, chemical resistant (disposable)* 
Face shield 
Hard hat 
Two-way radio (intrinsically safe) 

+ adapted from USEPA reconatmiation far Level B proaction 
CQIional 
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Level C Protection 

D ESCR I PTlON : 
Protective clothing and equipment designed to minimize contact with hazardous substances. 

CONDITIONS: 
Limited dircct skin and eye contact with hazardous compounds or air contaminants will not result in 

Work function involves potential for only minor splashes and excludes total body splashes or 

Exposure to compounds of skin absorbing compounds safely below l'LV 
Conditions appropriate for air prrnfylng respirator 

seven damage or imversible effects 

immersion .. - 

PERSONAL PROTECTlVE COMPONENTS OF LEVEL C 
*AirPurifylngRespirator 

Chemical Resistant C l o m g  
- hooded chemical resistant coveralls (disposable)* 
- hooded, 2 piece chemical resistant splash suit 
- chemical-rcsistant leggings and/or sleeve protectors, hood and apron' , 

covaalls (outa)' 
Gloves 

- chemical-rcsistant ouw glove 
- chemical-resistant inner glove 
- cloth or kather work gloves (disposed of aftcr US)* 
Boots, chemical resistant, steel toe and shank (steel maatarsal)* 
Boot covers, chemical resistant (dsposable)* 

*Hardhat 
Face shield and or splash goggles (optional if rcspiramr has full facc-ph)# 

Two-way radio communication (inninSically safe) 
*Escapemask* 

+ adapted from USEPA ICc0-n fa Level C proteaion 

i g e n d y  not used for proeaicm frwn air conraminants, only for prorecrion born chur6cal splus and splasks 
opoonal 
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I Level D Protection 

DESCRIPTION: 
The minimum level of protective clothing and equipment, designed to protect w d a  from common 
work place hazards and minimize contact with contaminated mamials. 

CONDITIONS: 
Compounds of concern do not have adverse skin and eye effects 
No hazardous air pollutants measured or anticipated 
Work function precludes splashes, immersion or potential for unknown respiratOry hazards 
No exposures anticipated above TLV levels 

PERSONAL PROTECTIVE COMPONENTS OF LEVEL 0 
Coveralls (disposable) 
Gloves 
Boots/shws, leather or chemical resistant, steel toe and shank (steel metatarsal) * 
Boot covers (outer), chemical resistant (disposable) 
Hard hat (face shield)* 
Splash glasses or goggles 
Escap mask (air supplied)* 

, 

Q I i O d  
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LEVEL '6" PROTECTION EQUIFMENT COSTS 

Chemtane Green Line Hooded Suit 56.95 9.49 
Scott Air Pak 2.2 30-Minute Supply 1930.00 6.00 
Nitrile Outer Glove/pr 1.85 0.62 
Latex inner Glovelpr 0.14 0.1 4 
Chemical Resistant Bootshr 54.00 1.08 

INITAL COST DAILY 
PPE COMPONENT COST PERDECON COST 

28.48 
54.00 

1.85 
0.42 
3.24 

[Hard Hat 

TOTAL: 

10.75 0.01 0.03 

$2,053.69 $1 7.34 $88.02 

DEPRECIATION OF ITEM PER DECON CYCLE OR COST TO FILL AIR PAK BOTTLE. 

AIR PAK ALSO REQUIRES YEARLY OVERHAUL COSTING ABOUT $250.00. 

ASSUMES WORK SCHEDULE AS PER AlTACHED 
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Thursday, June 10,1993 . 

Suit-up 
8 00 AM - 8130 AM 

8:30 AM - 8145 AM 

8:45 AM - 8:55 AM 

8155 AM - 9110 AM 

9:lO AM - 9120 AM 

9:20 AM - 9:35 AM 

9135 AM - 10:05 AM 

lo:% AM - 10:35 AM 

10~35 AM * 1 1  :05 AM 

,11:05 AM - 1 1  :20 AM 

11:20 AM - l t 3 0  AM 

11:30 AM - 1 1 : 4 5  AM 

11:G AM - 11155 AM 

11155 AM - 12~10 PM 

12110 PM - 12140 PM 

Work Time 

Partial Decon, New Tank 

Work Time 

Partral Decon, Tank Change 

Work Time 

Full Decon 

Break 

suit up 

Work Time 

Partial Decon, Tank Change 

Work Time 

Partial Decon, Tank Change 

Work Time 

Full Oecon 

Lunch 
12:40 PM - 1140 PM 

1 : 4 0  PM - 2:lO PM 

2:lO PM - 2:25 PM 

2:25 PM - 2 : s  PM 

2:35 PM - 2 : s  PM 

250 PM - 3:OO PM 

Suit Up 

Work Time 

Parhal Decon, Tank Change 

Work Time 

Partial Decon, Tank Change 

300 PM - 3:15 PM 

3:15 PM - 3:45 PM 

3 4 5  PM - 4115 PM 

4:15 PM - 500 PM 

Work Time 

Full Oecon 

Break 

Safety Meeting 
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LEVEL '(2 EQUIPMENT COST 

SCOTT HALF FACE APR 
ORGANIC VAPOR/DUST FILTERS 
HOOOED SARANM COVERALL 

INITAL COST DAILY 
PPE COMPONENT COST PERDECON* COST 

21.40 0.21 0.88 
8.96 8.96 17.93 
32.08 8.02 32.08 

NITRILE OUTER GILOWpr 
LATEX INNER GLOWpr 
CHEMICAL RESISTANT BOOTS/pr 
HARD HAT 
FACE SHIELD 

1.85 0.37 1 .$e 
0.14 0.14 0.56 

54.00 1 .m 4.32 
10.75 0.01 0.04 
25.50 0.51 2.04 

TOTAL: I $154.69 1 $19.31 I e 3 1  1 

DEPRECIATION OF ITEM PER DECONAMlNATlON CYCE. 

ASSUMES FOUR DRESS-OUTS PER DAY; INITIAL., TWO BREAKS, AND LUNCH. 

ASSUMES COVERALLS WILL BE DISCARDED AT THE END OF DAY. 

ASSUMES APR CARTRIDGES WILL BE DISCARDED ** AT LUNCH AND END OF DAY. 

* J  
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It's Getting Hot! 

PURPOSE: The aim of this activity is to figure out how much rest a worker should have 
when working in a warm environment and wearing CPC. This will help students to 
understand the problems of heat stress. 

TASK: Working in groups, calculate how often you should be medically 
monitored while doing light work (200 kcallhr) in impermeable chemical 
protective clothing on a day that is 50% overcast with a temperature of 800 
E Use the calculation in footnote B below to arrive at the adjusted air 
temperature 0 E With heavy work a person burns 350-500 kcalhr. 

With light work such as sitting or standing to control machines, p e r f m h g  light hand or ann 
work a person bums 200 kcal/hr. 

L 

Suggested Frequency of Physiological Monitoring for Fit and Acclirmtized Workers a 

ADNSIZD TEMPERATURE b NORMAL WORK ENSEMBLE IMPERMEABLE ENSEMBLE 

9ooF (32.2%) 01 above 

875' - WF (30.80 - 3229 

Afta each 45 ntiuurcs *a of wa'k 

Afmeach6OminuDesofMdr 

After each 90 Of wok 

Afm each 120 ninw ol wcxk 

After each 1% minues of work 

A€m& I5 minutes of work 

After each 30 minutes of work 

After uch 60 Klinlltcs of work 

After uch 90 minutes of work 

After each 120 rninutcs of work 

82.5' - 87.- (28.10 - 30.m 
77.5O - 82.59 (25.30 - 2 8 . 1 q  

7250 - 7 7 . 5 9  (22.50 - 2S.3oc) 
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LEVEL "B" DRESS-OUT 
8 HOUR DAY 

I SUIT UP TIME 1.5 HRS I 1 DECON TIME 2.5 HRS I 

/ 

150% INEFFICIENCY I I WORK TIME 2 HRS I 
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Tabk 8-9. (c0nt.I 

SL. Jod-Air Aorpretors 
- I 

Inspect SARs: 
-daily when In US0 - at least monthly when in storage 
-every time they are cleaned 

and weak areas. 

(according to manufacturers' recommendations). 

Inspect air lines prior to each use for cracks, kinks, cuts. frays. 

Check for proper setting and operation of regulators and valves 

Check all connections for tightness. 
Check material conditions for: 
-signs of pliability 
- signs of deterioration 
-signs of dirtonion 

-cracks 
-crazing 
-fogginess 

Check faceshields and lenses for. 

Alr-Purifying Rorpiretoro 
Inspect air-purifying respirators: 
-before each use to be sure t h w  have been adequately 

- after each use 
-during cleaning 
-monthly if in storage for emergmncy use 

-signs of pliability 

cleaned 

Check materiel conditions for: 

~ signs of deterioration 

2xamine cartridges or canisters to ensure that  
- they are the proper type for the intended uae 
-the explration date has not beon passed 
- t h w  haw not been owned or used previously 

-cracks 
-crating 
- foaainess 

signs of distonion , 

Check faceshields and lenses for: 

SCBAs should be stored in storage chests supplied bv 
the manufacturer. Air-purifying respiraton should be 
stored individually in their original cartons or cawing 
cases, or in heat-sealed or resealable plastic bags. 

Maintananco 

The technical depth of maintenance procedures vary. 
Manufacturers frequently restrict the sale of certain PPE 
parts to individuals or groups who am specially trained, 
equipped, and "authorized" by the manufacturer to pur- 
chase them. Explicit procedures should be adopted to 
ensure that the appropriate level of maintenance is per- 
formed only by individuals having this specialized training 
and equipment. The following classification scheme is 
af-?n used to divide maintenance into three levels: 

bve l  1: User or wearer maintenance, requiring a few 
common tools or no tools at all. 

eve1 2 Shop maintenance that can be performed bv 
,he employer's maintenance shop 

we1 3 Specialized maintenance that can b per- 
formed only bv the factory or an authorized repair 
person. 

Heat Stress and Other Physiological 
Factors 
Wearing PPE puts a hazardous waste worker at consid- 
erable risk of developing heat stress. This can result ip 
health effects ranging from transient heat fatigue to seri- 
ous illness or death. Heat stress is Caused by a number of 
interacting factors, including environmental conditions, 
clothing, workload, and the individual characteristics of 
the worker. Because heat stress is probably one of the 
most common (and potentially serious) illnesses at  haz- 
ardous waste sites, regular monitoring and other preven- 
tive precautions are vital. 

Individuals vary in their susceptibility to heat stress. Fac- 
tors that m w  predispose someone to heat stress include: 

Lack of physical fitness. 

Lack of acclimatization. 

&la 
Dehydration. 

obesity. 
Alcohol and drug use 

Infection. 

Sunburn. 

Diarrhea. 

Chronicdwcus 

Reduced work tolerance and the increased risk of a c e s  
sive heat !mess is dire& influenced by the amount and 
type of PPE wom. PPE adds weight and bulk, severely 
reduces the body's access to normal heat exchange 
mechanisms (evaporation, convection, and radiation), and 
increases energy expenditura Therefore. when selecting 
PPE, ewh item's benefit should be carefully evaluated in 
relation to its potential for increasing the risk of heat 
stress. Once PPE ia sobcted, the safe duration of work/ 
rest periods should be determined b88ed on the: 

Anticipated work rate 

Ambient temperature and other environmental 
factors. 

Type of protective ansmbla 

Individual worker characteristics and fitness. 

MMH- 

Because the incidence of he8t stress depends on a vari- 
ety of facton, all workers, even those not wearing protec- 
tive equipment, should be monitored. 

For worken wearing permeable clothing lag., stan- 
d8rd Conon or synthetic WOfk -1. f o i b  
mcommendations for monitoring rUquir6fMntS and 
suggested worldrest schedules in the currant 
American Conference of Gwamrrmrul Industrial 
Hygienists' IACGIH) Threshold Limit Whlues fOr 
Heat Stress Ill]. If the actual clothing wom d M  
from the ACGlH st8ndrrd enumbh in inrulatition 
d u e  andlor wind and vapor pefmeabili, change 
the monitoring nquimmenm nd worklmt shed- 
des accordingly 1121. 
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For workers wearing semipermeable or imper- 
meable' encapsulating ensembles, the ACGIH 
standard cannot be used. For these situations, 
workers should be monitored when the tempera- 
ture in the work area IS above 7OoF I21 O C )  161. 

To monitor the worker, measure: 

Heart rate Count the radial pulse during a 
30-second period as early as possible in the rest 
period. 

If the heart rate exceeds 110 beats per minute at 
the beginning of the rest period, shorten the next 
work cycle by one-third and keep the rest period 
the same 
If the heart rate still exceeds 110 beats per minute 
a t  the next rest period, shorten the following work 
cycle by one-third U21. 

0 Oral temperature. Use a clinical thermometer 
(3 minutes under the tongue) or similar device to 
measure the oral temperature at the end of the 
work period (before drinking). 

If oral temperature exceeds 99.6OF (37.6 "C). 
shorten the next work cycle by one-third without 
changing the rest period. 
If oral temperature still exceeds 99.6 OF (37.6 OC) at 
the beginning of the next rest period. shorten the 
following work cycle by one-third 1121. 
Do not permit a worker to wear a semipermeable or 
impermeable garment when his/her oral tempera- 
ture exceeds 100.6 O F  (38.1 OCI(121. & 

Body water loss, if possible Measure weight on a 
scale accurate to k0.25 Ib at the beginning and 
end of each work day to see if enough fluids are 
being taken to prevent dehydration. Weights 
should be taken while the employee wears similar 
clothing or, ideally, is nuda The body wter /OS$ 
should not exceed 1.5 percent total body wight  
loss in 8 work day 1121. 

Initially, the frequency of physiological monitoring 
depends on the air temperature adjusted for solar radia- 
tion and the level of physical work (see Table 8-10). fhe 
length of the work cycle will be governed bv the fre- 
quency of the required physiological monitoring. 

Prmntion 

Proper training and preventive measures will help aven 
serious illness and lors of work productivity. Preventing 
heat stress is particularly imponant h a u s e  once some- 
one suffers from heat stroke OF twfl erhaustion. that per- 
son may be predisposed to additional heat injuries. TO 
avoid heat stress, management should take the following 
steps: 

Adjust work scheduler: 
Modify work/rest schedules according to  monitor- 
ing requirements. 
Mandate work slowdowns as needed. 

'Although no protoCIhro r n m M 0  is " ~ ~ m ~ k t ~ b ' '  imprrrrnOMI 
tor PIICOCII purporr M outti m.y k conridrrod irnprrrrnw 
whrn crlculrung hort stmu risk. 

Rotate personnel: alternate job functions to minl- 
mize overstress or overexertion at one task. 
Add additional personnel to work teams. 
Perform work during cooler hours of the day if pos- 
sible or at night if adequate lighting can be 
provided. 

I, i 

Provide shelter (air-conditioned, if possible) or 
shaded areas to protect personnel during rest 
periods. 

Maintain workers' body fluids at normal levels. 
This IS necessary to ensure that the cardiovascular 
system functions adequately. Daily fluid intake 
must approximately equal the amount of water 
lost in sweat, ia. 8 fluid ounces (0.23 liters) of 
water must be ingested for approximately every 
8 ounces (0.23 kg) of weight lost. The normal 
thirst mechanism is not sensitive enough to 
ensure that enough water will be drunk to replace 
lost Sweat 1141. When h e w  sweating occurs, 
encourage the worker to drink more The following 
strategies may be useful: 

Maintain water temperature at 50 O to 60 OF 
(10" to 15.6OC). 
Provide small disposable cups that hold about 
4 ounces (0.1 liter). 
H m  workers drink 16 ounces (0.5 liters) of fluid 
(preferably water or dilute drinks) before beginning 

I 7  -4 
work. 
Urge workers to drink a cup or two every 15 to 20 ,: 
minutas, or at each monitoring break. A total of -'C* 

1 to 1.6 gallons (4 to 6 liters) of fluid per dav am 
recommended, but more may be necessary to 
maintain body weight. 
Weigh workers before and after work to determine 
if fluid replacement is adequate 

Encourage workers to maintain an optimal 1-1 of 
physsal fitness: 

Where indicated, acclimatize workers to 1110 work 
conditions: temperatufa protective clothing. nd 
workload (see &vd of  Accfim8tizarion at ttw and of 
this chapter). 
Urge workers to maintain normal weight IewIa. 

Provide cooling devices to aid natural body h.01 
exchange during prolonged work or severe mot 
exposura Cooling devices include: 

Field showers or hose-down areas to reduce Oodv 
temperature andlor to cool off protectim cmtrwrg. 
Cooling jackets, vests, or suits (see Table 8.5 *or 
details). 

train workers to recognize and treat hem w - a  
AS part of training, identify the signs ana SvmO 
toma of heat stress (see Table 8-11]. 

Oth.r Factor, 

PPE decreases worker performance as comowW *o w 
unequipped individual. The magniulde of this e*- --s 
considerably, depending on both the individua .M t-e 
PPE ensemble umd. This section discusser t H  6 . r ~ ~  
strated phyriologlal nsponaes to PPE. the ~ ~ l l v -  
human chrractrnstlcr that play a factor in tnou 
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Tabk 8-10. Suggested Frequency Of Physiological Monitoring for Fit and Acclimatized Workers# 

A h T E D  TEMPERATUREa NORMAL WORK ENSEMBLEC IMPERMEABLE ENSEMBLE 

90°F 132.2'C) or above After each 45 minutes of work 

After each 60 mtnutes of work 

After each 90 minutes of work 

After each 120 mlnutes of work 

After each 15 minutes of work 

After each 30 minutes of work 

After each 60 minutes ot work 

After each 90 minutes of work 

87.5'-9OoF (30.8'-32.2'Cl 

82.5 ' - 87.5 OF (28.1 O - 30.8 'CI 

77.5 O - 82.5'F 125.3'- 28.1 OC) 

72.5'- 77.5'F 
(22.5' - 25.3'C) 

Source: Reference (131. 
'For work levels of 250 kilocalories/hour. 
%Calculate the adjusted air temperature ita adi) by using this equation: ta adj 'F - ta 'F + (13 x 96 sunshine). Measure air temperature 
Ita) with a standard mercury-in-glass thermometer. with the bulb shielded from radiant heat. Estimate percent sunshine by judging what 
percent time the sun is not covered by clouds that are thick enough to produce 8 Shadow. 1100 percent sunshine = no cloud cowr and 
a sharp, distinct shadow: 0 percent sunshine = no shadows.) 

After each 150 minutes of work After each 7 20 minutes of work 

CA normal work ensemble consists of cotton coveralls or other cotton clothing with long sleeves and pants. 

Tabla 8-11. Signs and Symptoms of Heat Stress' 
~ 

h a t  rark may result from COntinuOuS exposure to heat or 

H u t  cramps are caused by heavy sweating with inadequate 
humid air. 

electrolyto replacement. Signs and symptoms include: 
- muscle spasms - pain in the hands. feet. and abdomen 
Y Y ortuunkn occurs from increased stress on various body 

ns including inadequate blood circulation due to crrdio- 
varcular inrufficmncy or dehydramon. Signs and symptoms 
include: - pale. cool. moiat skin 
- heavy sweating - dizziness - nausea 
- fainting 
Hoot moh IS the most serious form of heat stress. Temperature 
regulation fails and the body temperature risos to cmical levels 
Immediate action must be taken to cool the body W o n  sonous 
injury and death occur. Compotent medical hoip must be 
obtained. Signs and Wmptoms are: - red. hot. usually dry skin - lack of or reduced persoiration 
- nausea - dizziness and confusion - strong, rapid pulse - coma 

' 

'Source: Reference 161. 

responses, and some of the precautionary and training 
measures that need to be taken to  avoid PPE-induced 
injury. 

The physiological factors may affect worker ability to 
function using PPE include: 

Physical condition. 
b e l  of acclimatization. 

Ma 
Gender. 

Weight. 

phlrsicabcodttbn 
Physical fmesa  is a major factor influencing a person's 
ability to perform work under heat stmss. The mom fit 
someone is, the more work t h y  can safely perform. At  a 
given Iml of work. a fit person. dative to an unfit 
person, will have I5.8.15.161: 

Less physiological strain. 
A Ipwer heart rata 

A lower body temperature, which indicates less 
retained body heat la rise in internal temperature 
precipitates heat injury). 

A mom efficient sweating mechanism. 

0 Slightly lower Pxygen consumption. 

Slightly lower carbon dioxide production. 

Lm(ofAtdimrdution 
The degree to which e worker's body h u  phyriologically 
a d j u n r d  or acclimatized to working und8r hot cond~onr 
affect8 hi6 or her ability to do work AcJimrtiud indi- 
viduals genmlly hrvr lower k a r t  mtu and body m p o r -  
nums than unacclim6tizod individurlr I171, and maat 
sooner and mon profusely. Thi6 0Mbl.r them to mrimin 
lower skin and body temporrtunr at r giwn 1-1 of 
environmental heat and work loads than unacclimnitrd 
worken 1181. Sweat composition a1.o bocomw mom 
dilute with acclimrtStion, which reduce6 ark IOU 181. 

c 
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Acclimatization can occur after just a few days of 
exposure to a hot environment 115s161. NIOSH recom- 
mends a progressive 6 - d ~  acclimatization period for the 
unacclimatized worker before allowing himlher to do full 
work on a hot job (161. Under this regimen, the first day 
of work on site is begun using only 50 percent of the 
anticipated workload and exposure time. and 10 percent 
is added each day through day 6 (181. With fit or trained 
individuals, the acclimatization period may be shortened 
2 or 3 days. However, worken can lose acclimitization in 
a matter of days, and work regimens should be adjusted 
to account for this. 

When enclosed in an impermeable suit, fit acclimatized 
individuals sweat more profusely than unfit or unacclima- 
tized individuals and may therefore actually face a greater 
danger of heat exhaustion due to rapid dehydration. This- 
can be prevented by consuming adequate quantities of 
water. See previous section on h e n t i o n  for additional 
information. 

Age 
Generally, maximum work capacity declines with increas- 
ing age, but this is not always the case Active well- 
conditioned seniors often have performance capabilities 
equal to or greater than young sedentary individuals. 
However, them is some evidence, indicated by lower 
sweat rates and higher body core temperatures, that older 
individuals are less effective in compensating for a given 
level of environmental heet and work loads 1191. At 
moderate thermal loads, however. the physiological 
responses of "young" and "old" are similar and perfor- 
mance is not affected 1191. 

Age should not be the sole criterion for judging whether 
or not an individual should be subjected to moderate heat 
stress. Fitness level is a more important factor. 

Gondr 
The literature indicates that females tolerate heat stress 
at least as well as their male counterpans 1201. Generally, 
a female's work capacity everages 10 to 30 percent l e u  
than that of a male [81. t he  primary rearons for this am 
the greater oxygen-carrying capaccity and the stronger 
heart in the male 1151. However, a similar situation exists 
as with aging: not all males haw greater work capacities 
than all females. 

Weight 
The ability of a body to dissipate heat depends on the 
ratio of its surface area to it8 mass (rurface area/weightl. 
Heat loss (dissipation) ir a function of surface area and 
heat production is dependent on mass. lhentore, heat 
balance is described by the ratio of the twa 

Since overweight individuals (those with a low ratio) pro- 
duce more heat per unit of surface area than thin individ- 
uslr (thoso with a high mio), ovbrweight individuals 
should be giwn sp.cial conridontion in hat stmu Sinra- 
tionr. Howwar, when wrrring imp.rme.blo clothing, th. 
weight of an indlvidurl is not I Crtticrl f m r  in dotor- 
mining the ability to dirripno excess hoat. 
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Appendix D. Sample Decontamination Procedures for 
Three Typical Levels of Protectiona 

I 

F.S.O.P. No. 7 

Process: DECONTPMINATION PROCEDURES 

INTRODUCTION 

1.1 

1.2 

1.3 

1 . 4  

w 

The ob jec t ive  o f  these procedures i s  t o  minimize the r i s k  o f  
exposure t o  hazardous substances. These procedures were derived 
From the U.S. Environmental Pro tec t ion  Agency, O f f i c e  o f  
Emergency and Remedi a1 Response’ s (OERR 1, “ I n t e r i m  Standard 
Operating S a f e t y  Guides ( rev ised Sep. 82)‘. . This vers ion o f  the 
guides i s  i n  a format t h a t  i s  more appropr ia te f o r  use i n  the 
f i e l d .  

Pro tec t ive  equipment must be worn by personnel when response 
a c t i v i t i e s  i nvo l ve  known o r  suspected hazardous substances. 
procedures f o r  decontaminating personnel upon 1 eavi ng the  
contaminated area are addressed f o r  each o f  t he  EPA, OERR 
designated l e v e l s  o f  p ro tec t ion .  
the maximum and minimum amount o f  decontamination used for  each 
l e v e l  o f  p ro tec t ion .  

The 

The procedures given a= for 

The maximum decontamination procedures f o r  a l l  l e v e l s  o f  
p ro tec t ion  cons is t  of s p e c i f i c  a c t i v i t i e s  a t  n ineteen s tat ions.  
Each s t a t i o n  emphasizes an important aspect of decontamination. 
When establ  i shi ng a decontami n a t i  on 1 i ne, each aspect shoul d be 
incorporated separately o r  combined wi th  o the r  aspects i n t o  a 
procedure w i th  fewer steps (such as the Minimum Decontamination 
Procedures 1. r- 

Decontamination l i n e s  a r e  s i t e  spec i f i c  s ince they a r e  dependent 
upon the types o f  contamina’tion and the  type  o f  work a c t i v i t i e s  
on s i t e .  
decontamination l i n e  dur ing h o t  weather. 
l o c a t i o n  i n  a shaded area i n  which the wind can help t o  cool 
personnel. 
coo l ing  devices such as cool water hose, i c e  packs, cool towels, 
etc. When the decontamination l i n e  i s  no longer  required, 
contaminated wash and r i n s e  so lu t ions  and contaminated a r t i c l e s  
must be contained and disposed of  as hazardous wastes i n  
compliance w i t h  s t a t e  and federal  regulat ions.  

A coo l i ng  s t a t i o n  i s  sometimes necessary w i t h i n  the 
It i s  usua l l y  a 

I n  add i t ion ,  s i t e  cond i t ions  may permi t  the  use o f  

a Source: Excerpted from Field Standard Operating Procedures for the Decon- 
raminarion of Response hnonnei (FSOP 71. €PA Office of Emergency 
and Remodid Response, Hazardous Response Support Division. 
Warhington, DC JInuaW 1985. 
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P.S.O.P. No. 7 

PROCESS 3ECON PROCEDURES 

MAXIMUM DECONTAMINATION LAYOUT 

LEVEL A PROTECTION 

EXCLUSION t 

Boot Cover 
ZONE 

Outer Glove Tape & 
R emov al 

Glove Rinse 
HOTLINE - t 1 Q Suit/s;:z ~ o o t  

Suit/Safety Boot 

Tank and Redress. Change Boot 6-8 Cover/ 
Rinse 

&few Boot 
Removal 

Outer Gloves 

CONTAMINATION 
REDUCTION 

ZONE 

Fully Encapsulating Suit 
and Hard Hat Removal 

SCEA Backpack 
Removal 

Inner Glove 
R inse 

I 

x i .  171 Inner Clothing I y Removal - 
CONTAMINATION - 

* CONTROL LINE 
@-@ Redress 

Wash SUPPORT 
ZONE 
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I P.S.0.P. NO. 7 

PROCESS DECON PROCEDURES 

MAXIMUM DECONTAMINATION LAYOUT 

LEVEL B PROTECTION 

EXC LUSl ON t 
ZONE i 

~00tCover  
Outer Glove 
Removal 

Boot Cover Boot Cover 8 
Glove Rinse 

HOTLINE - 
Q S U l t / ! y ~  Boot . ! 

Sui t/SCBA/Boot/G love 
Rinse - Tank Change 

and Redress. Boot Coveri , 
Outer Gloves &+ Safety B o o t  

Removal - 

Removal 

Q Splash Suit 
CONTAMINATION 

Removal REDUCTION 
ZONE 

*A Q In;;Eiove 

6 Inner Glove 
Rinse 

I 6 Face P i m  
R emovol 

I 6 Inner Glove 
I Removal 

Firld I n n e r I i n q  

Wash 

Removrl 
CONTAMINATION - 
CONTROL LINE 

19 Rsdress 

SUPPORT 
ZONE 
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F . S . O . P .  No. 7 

PROCESS DECON ?ROCEDURES 

MAXIMUM DECONTAMIHATION LAYOUT 

LEVEL C PROTECTION 

T EXCLUSION 
ZONE Boot Cover I 

Outer Glove Taoe & 
R emov a1 Removal Glove Wash i Segregated 

Glove Rinse 
HOTLINE - f 

I 
Canister-or 
Mask Change 
3nd Redress - Boot Cover/ , + Outer Gloves 

CONTAMINATION 
REDUCTION 

ZONE Q 1 
I Q 

Suit/Safew Boot 
Wash 

Suit!Safety Boot 
Rinse 

Safetv Boot 
Removal 

Solash Suit 
Removal 

Inner Glove 
Wash 

Inner Glove 
R inse 

Face Piece 
R emov a1 

Inner Glove 
Removat 

Inner Clothing 

CON TAM I NATION 
CONTROL LINE - Removal 

SUPPORT 
ZONE 
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F.S.O.P. No. 7 

LY I Decon 
5 Solution 
A I  

REMOVE 
SCBA 

J - 

PROCESS DECON PROCEDURES 

MINIMUM DECONTAMINATION LAYOUT 

LEVELS A h B PROTECTION 

WIND DIRECTION 

Plastic 
Shett 

. . - \  I 

R em ove 
Boots/Gloves 

and 
Outer 

Garments 
(For Disposal 
and Off Site 
Decontamination) 

b 
Can 

(32 gallon) 
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EQUIPMENT NEEDED TO PERFORM MAXIMUM DECONTAMINATION MEASURES FOR LEVELS A, B, AND C 

S t a t i o n  1 :  a. 
b.  
C. 

S t a t i o n  2: a. 
b. 
C. 

S t a t i o n  3: a. 

b. 
C. 

S t a t i o n  4: a. 
b. 

S t a t i o n  5: a. 
b. 

S t a t i o n  6: a. 
b. 

C.  

S t a t i o n  7: a. 
b. 

Various Size Containers 
P l a s t l c  Liners 
P l a s t t c  Drop Cloths 

Conta iners (20-30 Gal lons)  
Decon S o l u t i o n  o r  Detergent  Yater  
2-3 Long-Handled, S o f t - B r i  s t l e d  
Scrub Brushes 

Conta iners (20-30 Gal lons)  
OR 

High-Pressure Spray U n i t  
Water 
2-3 Long-Handled, S o f t - B r i  s t l e d  
Scrub Brushes 

Conta iners (20-30 Gal 1 ons 1 
P1 a s t i  c L i n e r s  

Contai ne rs  ( 20-30 Gal 1 ons 1 
P l a s t i c  L i n e r s  
Bench o r  Stools 

Conta iners (20-30 Gal lons 1 
P l a s t i c  L l n c n  

Conta iners (20-30 Gal lons)  

S t a t i o n  10: a. Containers (20-30 Gal lons)  
b. P l a s t i c  L ine rs  
c. Bench or Stools  
6. Boo t  Jack 

b. Drop Cloths 
c. Bench o r  S too ls  

S t a t i o n  11: a. Rack 

S t a t i o n  12: a. Table 

S t a t i o n  13: a. Basin o r  Bucket 
b. Decon So lu t i on  
c. -11 Table 

b. Basin o r  Bucket 
c. Small Table 

S t a t i o n  15: a. con ta ine rs  (20-30 Gallons) 
b. P l a s t i c  L i n e r s  

S t a t i o n  16: a. Containers (20-30 Gallons) 
b. P l a s t i c  L i n e r s  

S t a t i o n  17: a. Containers (20-30 Gal lons)  
b. P l a s t i c  Liners 

S t a t i o n  14: a. Ya te r  

Decon S o l u t i o n  o r  Detergent Water 

Scrub Brushes b. Soap 
c. 2-3 Long-Handled, S o f t - B r i s t l e d  S t a t i o n  18: a. Water 

c. -11 Table 

e. F ie1 d Showers 
f. Towels 

S t a t i o n  8: a. Containers. (20-30 6 a l l o n s l  d. Basin o r  Bucket 
OR 

High-Pressure Spray U n i t  
b. Y a G r  
c. 2-3 Long-Handled, S o f t - B r i s t l e d  S t a t i o n  19: a. Dresslng T r a i l e r  i s  Nccded i n  

Scrub Brushes Inclement Weather 

S t a t i o n  9: a. A i r  Tanks o r  Face Masks and 
C a r t r i d g e  Depending on Level 

b. Tables 
c. Chairs 
d. Lockers 

b. Tape e. Cloths 
c. Boot Covers 
d. Gloves 

e 

EQUIPMENT NEEDED TO PERFORM MINIMUM DECONTAMINATION MEASURES FOR LEVELS A, B, AND C 

S t a t i o n  1 :  a. va r ious  Size Containers 
b. P l a s t i c  L ine rs  
c. P l a s t i c  Drop Cloths 

S t a t f o n  2: a. Conta iners (20-30 Gal lons)  
b. Decon'SGlrlf ibn- 
c. Rinse Water 
d. 2-3 Long-Handled, S o f t - B r i s t l e d  

Scrub Brushes 

S t a t i o n  3: a. Conta iners (20-30 Gal lons)  
b. P l a s t i c  L i n e r s  
c. Bench o r  Stools 

S t a t i o n  4: a. A i r  Tanks or Masks and 

b. Tape 
c. Boot Covers 
d. Gloves 

S t a t i o n  5: a. con ta ine rs  (20-30 Gal lons)  
b. P l a s t l c  L i n e r s  
c. Bench o r  Stools 

S t a t i o n  6: a. P l a s t l c  Sheets 
b. Basin o r  Bucket 
c. Soap and Towels 
d. Bench o r  S too ls  

b. Soap 

d. Yash Basin o r  Bucket 

Car t r idges Depending Upon Level 

S t a t i o n  7: a. Water 

c. Tables A 
{.;l= ? ~ 
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FSOP 7: MAXIMUM MEASURES FOR LEVEL A DECONTAMINATION 

S t a t i o n  1: Segrega 
Orop 

ked  Equipment 1. Deposit equipment used on s i t e  ( too ls ,  sampling 
devices and containers. monf t o r l n g  instruments. 
radios, clipboards, e-.) on p l a s t i c  drop c lo ths  
or i n  d i f f e r e n t  containers w i t h  p l a s t i c  l i ne rs .  
During ho t  weather operations, a cool dcun 
s t a t i o n  may be set up w i t h i n  t h i s  area. 

S t a t i o n  2: Boot Cover and 
Glove Wash 

S t a t i o n  3: Boot Cover and 
Glove Rinse 

S ta t l on  4: Tape Renmval 

S t a t i o n  5: Boot Cover 

S t a t i o n  6: Outer Glove 

S ta t i on  7: S u i t  and Boot 

Removal 

Removal 

Yash 

S t a t i o n  8: Su i t  and Boot 

S t a t i o n  9: Tank Change 

S ta t i on  10: 

S ta t i on  11: 

e 

S t a t i o n  12: 

S t a t i m  13: 

S t a t i o n  14: 

Stat!on 15: 

pa='' - dn 16: 

2. Scrub outer boot c o v e n  and gloves w i t h  decon 
s o l u t i o n  or detergenthater.  

3. Rinse o f f  decon so lu t fon  from s ta t i on  2 using 
copious amounts o f  water. 

4. Remove tape around boots and gloves and deposlt 
i n  container with p l a s t i c  l i n e r .  

5. Remove boot covers and deposit i n  container 
w i t h  p l a s t i c  l i n e r .  

6. R m v e  outer gloves and deposit I n  container 
w i t h  p l a s t i c  l i ne r .  

7. Wash encapsulating s u i t  and boots using scrub 
brush and decon so lu t i on  or  detcrgent/watcr. 
Repeat as many times as necessary. 

8. Rinse of f  decon so lu t i on  uslng water. Repeat as 
many times as necessary. 

9. I f  an a i r  tank change i s  desired. t h l s  i s  the 
l a s t  step I n  the decontacrtnatlon procedure. 
A i r  tank i s  exchanged, new outer gloves and boot 
covers donned. and j o f n t s  taped. Worker returns 
t o  duty. 

Safety Boot 10. Remove safety boots and deposit i n  container 
Removal w l t h  p l a s t i c  l i ne r .  

Fu l l y  Encapsulating 11. F u l l y  encapsulated s u i t  i s  removed w i t h  
Su i t  and Hard Hat 
Removal c l o t h  or  hung up. Hard ha t  i s  removed. Hot 

assistance o f  a helper and l a i d  out on a drop 

weather r e s t  s ta t ion  maybe set up w i t h i n  t h i s  
area fo r  personnel re tu rn ing  t o  s i t e .  

SCBA Backpack 12. While s t i l l  wearing facepiece, remove backpack 
Removal and place on table. Disconnect hose from 

!nner Glove Wash 13. Wash w i t h  decon so lu t ion  tha t  w i l l  no t  ham the 

regu la to r  valve and praceed to  next stat ion.  

skin. Sepeat as of ten as necessary. 

necessary. 

p l a s t i c  l i n e r .  

Inner Glove Rinse 14. Rinse w i t h  water. ReDcat as many times as 

Face Piece Removal 15. Remove face piece. D e w s i t  i n  container w l t h  
Avold touching face w i th  f ingers. 

Inner Glove 16. Remove inner  gloves and deposit I n  container 
Removal w l t h  l i n e r .  
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FSOP 7: MAXIMUM MEASURES FOR LEVEL A DECONTAMINATION 

S t a t i o n  17: I nne r  C l o t h l n g  17. Remove c l o t h i n g  and p lace i n  l i n e d  conta iner .  
Removal Do n o t  wear i n n e r  c l o t h i n q  o f f - s i t e  since the re  

i s  a p o s s i b i l i t y  t h a t  small amounts o f  
contaminants might  have been t rans fe r red  i n  
removing the f u l  ly-encapsul a t 1  ng SUI t. 

S t a t i o n  18: F i e l d  Yash 

S t a t i o n  19: Redress 

18. Shower I f  h l g h l y  t o x i c ,  sk in-corros ive o r  sk in -  
absorbable m a t e r i a l s  are known o r  suspected t o  
be present. 
n o t  a v a i l  ab1 e. 

Wash hands and face i f  shower i s  

19. Put on c lean  c lo thes.  

~~ ~ 

FSOP 7: MINIMUM MEASURES FOR LEVEL A DECONTAMINATION 

S t a t i o n  1: Equipment Drop 1. Deposi t  equipment used on -s i t e  ( too l s ,  sampling 
devices and containers, moni tor ing Instruments. 
rad ios,  c l ipboards,  etc.) on p l a s t i c  drop 
c lo ths.  
p robab l l  i t y  o f  cross contanlnatlon. Dur lng h o t  
weather operations. cool  dawn s t a t i o n s  maybe s e t  
up wi th ln t h l s  area. 

Segregation a t  the drop reduces the 

S t a t i o n  2: Outer Garment, 
Boots, and Gloves 
Yash and Rinse 

S t a t i o n  3: Outer Boot and 

S t a t i o n  4: Tank Change 

Glove Removal 

S t a t l o n  5: Boot. Gloves 
and Outer Garment 
Removal 

S t a t i o n  6: SCBA Removal 

S t a t l o n  7: F l e l d  Wash 

2. Scrub o u t e r  boots, ou te r  gloves and fu l l y -  
encapsulat ing s u l t  wi th decon s o l u t i o n  or 
detergent  and water. 
amounts o f  water. 

3. Remove ou te r  boots and gloves. Deposit I n  
con ta ine r  w l t h  p l a s t i c  llner. 

4. I f  worker leaves Exclusion Zone t o  change a i r  
tank, t h i s  i s  the l a s t  step i n  the 
decontamination procedure. Worlrer's a i r  tank i s  
exchanged, new outer  gloves and boot covers 
donned, j o i n t s  taped. and worker re tu rns  t o  duty. 

5. Boots, f u l l y -encapsu la t i ng  s u l t ,  I nne r  gloves 
removed and deposlted i n  separate conta lners 
l i n e d  w l t h  p l a s t l c .  

touching face wl t h  f i nge rs ) .  
on p l a s t l c  sheets. 

7 .  Hands and face are thoroughly washed. 
soon IS poss lb le .  

Rinse o f f  us lng coplous 

6. SCBA backpack and faccplecc Is removed (avo id  
SCBA deposl t c d  

Shwcr as 
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FSOP 7: MAXIMUM MEASURES FOR LEVEL 8 DECONTAMINATION 

Sta t ion  1 : Segregated Equipaent 
Drop 

Sta t ion  2: Boot Cover and 
Glove Wash 

Sta t ion  3:  Boot Cover and 

Sta t ion  4: Tape Removal 

a Glove Rinse 

Stat ion 5: Boot Cover 

S ta t ion  6: Outer Glove 

Sta t ion  7: S u i t  and Safety 

Removal 

removal 

Boot Wash 

Sta t ion  8: Sui t ,  SCEA, Boot, 

Stat ion 9: Tank Change 

and Glove Rinse 

Stat ion 10: Safety Boot 

S ta t ion  11: SCEA Backpack 

0 Removal 

Removal 

S ta t ion  12: Splash Su i t  

S ta t ion  13: Inner Glove Wash 

Removal 

Stat ion 14: Inner Glove Rinse 

Sta t ion  15: Face Piece Removal 

Stat ion 16: Inner Glove 
Removal 

1. Deposit equipment used on sl te  ( too ls ,  sampling 
devices and containers,  monltor lng instruments. 
radios, c l ipboards,  etc.) on p l a s t l c  drop 
c lo ths  or i n  d l f f e r e n t  contalners w i t h  p l a s t i c  
l i ne rs .  
p r o b a b i l i t y  of cross-contamination. Durlng h o t  
weather operatfons, cooldown s ta t i ons  my be s e t  
up w i t h i n  t h i s  area. 

2. Scrub outer boot covers and gloves w i t h  decon 
so lu t ion  or deteraent and water. 

3. Rinse o f f  decon so lu t i on  frm s t a t l o n  2 usfng 
copious moun ts  o f  water. 

4. Remove tape around boots and gloves and deposl t  
i n  container w i t h  p l a s t l c  llner. 

5. Remove boot covers and deposit i n  container 
w i t h  p l a s t i c  l i n e r .  

6. Remove ou ter  gloves and deposi t  f n  container 
w i t h  p l a s t i c  l lner. 

7. Hash chemical-resistant splash su i t .  SCBA, 
gloves and safety boots. Scrub with long-handle 
scrub brush and dXon solut ion. Wrap SCBA 
regu la to r  ( i f  b e l t  mounted type) w f t h  p l a s t i c  t o  
keep ou t  water. 
sponges or c lo ths .  

Segregation a t  the drop reduces the 

Hash backpack rsseably wf th  

8. Rinse o f f  decon so lu t i on  usfng copious amounts 
o f  water. 

9. I f  worker leaves exclusion zone t o  change a i r  
tank, t h i s  i s  the l a s t  step I n  the 
decontamination procedure. 
exchanged, new outer  gloves and boot covers 
donned, and j o i n t s  taped. Yorker returns t o  
duty. 

10. Remove safety boots and deposl t  i n  contalner 
w i t h  p l a s t i c  l i n e r .  

11. While s t i l l  wearing facepiece. m v e  back- 
pack and place on tahle.  
regu la to r  valve. 

Deposit i n  conta iner  w i t h  p l a s t i c  l i n e r .  

13. Hash inner  gloves w i th  decon solut lon.  

14. Rinse inner  gloves w i t h  water. 

15. Remove face piece. Deposit I n  container w i th  

Worker's a i r  tank is 

Dlsconnect hose from 

12. Y i th  assistance o f  helper, remove splash su i t .  

p l a s t i c  1 iner.  Avoid touchlng face w i t h  f ingers. 

16. Remove inner  gloves and deposl t  I n  Container 
w i t h  l i n e r .  
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FSOP 7: MAXIMUM MEASURES FOR LEVEL 8 DECONTAMINATION 

S t a t i o n  17: I nne r  C l o t h i n g  17. Remove inner c lo th ing .  Place i n  conta iner  w i t h  
Removal l i n e r .  Do no t  wear Inne r  c l o t h i n g  o f f - s i t e  

since there i s  a p o s s i b i l i t y  t h a t  small amounts 
o f  contaminants might  have been t rans fe r red  I n  
removing the f u l  ly -encapsulat ing Sui t .  

absorbable ma te r ia l s  are known o r  suspected t o  
be present. 
n o t  avai lable. 

S t a t i o n  18: F i e l d  Wash 18. Shower i f  h igh l y  t o x i c ,  sk in-corros ive o r  skln- 

Wash hands and face i f  shower i s  

S t a t i o n  19: Redress 19. Put on clean c lo thes.  

FSOP 7: MINIMUM MEASURES FOR LEVEL B DECONTAMINATION 

S t a t i o n  

S t a t i o n  

S t a t i o n  

e 
S t a t i o n  

1: Equipment Drop 1. Deposit equipment used on-si t e  ( t o o l  s, sampl I ng 
devices and containers, monl tor ing instruments, 
radios. cl ipboards. etc. 1 on p l a s t i c  drop 
c lo ths.  
p r o b a b i l i t y  o f  cross contamination. During hot 
weather operations, cool  down s t a t i o n  may be Set 
up w i t h i n  t h i s  area. 

r e s i s t a n t  splash s u i t  w i t h  decon s o l u t l o n  o r  

amounts o f  water. 

container with p l a s t i c  l i n e r .  

tank, t h i s  i s  the l a s t  step I n  t h e  
decontamination procedure. 
exchanged, new o u t e r  gloves and boot  covers 
donned. j o i n t s  taped, and worker re tu rns  t o  duty. 

Segregation a t  the drop reduces the 

2: Outer Garment, 2. Scrub outer boots, ou te r  gloves and chemical- 
Boots, and Gloves 
Wash and Rinse detergent water. Rinse o f f  us ing  copious 

3: Outer Root and 3. Remove outer boots and gloves. Deposit i n  

4: Tank Change 4. I f  worker leaves exc lus i ve  zone t o  change a i r  

Glove Removal 

Worker's a l r  tank I s  

S t a t i o n  5: Boot. Gloves 
and Outer Garment 
Remva 1 

S t a t i o n  6: SCBA Removal 

S t a t i o n  7: F i e l d  Wash 

5. Boots, chemical - res is tant  splash s u i t ,  i nne r  
gloves removed and deposited i n  separate 
containers l i n e d  wi th  p l a s t i c .  

6. SCBA backpack and facepiece i s  removed. 
touching face w i t h  f inger .  
on p l a s t i c  sheets. 

7. Hands and face are thoroughly washed. 
soon as possible. 

Avoid 
SCBA deposited 

Shower as 
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FSOP 7: MAXIMUM MEASURES FOR LEVEL C DECONTAMINATION 

S t a t i o n  1:  S e g r a t e d  Equipment 1 .  Deposit equipment used on s l t e  ( t o o l s .  sampling 
dev ices  and c o n t a i n e r s ,  monitoring Ins t rumen t s ,  
r a d i o s ,  c l ipboa rds .  etc. 1 on p l a s t i c  drop 
c l o t h s  o r  i n  d i f f e r e n t  c o n t a i n e r s  w i t h  p l a s t i ,  
l i n e r s .  
p r o b a b i l i t y  o f  c r o s s  contamination. 
weather  ope ra t ions ,  a cool down s t a t l o n  may be 
set up wi th in  th i s  a r e a .  

Drop 

Segregat ion a t  the drop reduces t h e  
Durlng h o t  

S t a t i o n  2: Boot Cover and 
Glove Wash 

S t a t i o n  3: Boot Cover and 
Glove Rinse 

S t a t i o n  4: Tape Removal 

S t a t i o n  5: Boot Cover 
Removal 

S t a t i o n  6: Oute r  Glove 
Removal 

S t a t i o n  7: S u i t  and Boot 
Wash 

S t a t i o n  8: S u i t  and Boot, 

S t a t i o n  9: C a n i s t e r  o r  
Mask Change 

and Glove Rinse 

S t a t i o n  10: S a f e t y  Boot 

S t a t i o n  11: Sp la sh  S u i t  
0 Removal 

S t a t i o n  12: Inne r  Glove 

Removal 

Rinse 

Wash 

Removal 

S t a t i o n  13: Inne r  Glove 

S t a t i o n  14: Face P l e c e  

S t a t i o n  15: Inne r  G1,oue 'f , 
Removal - 

2. Scrub o u t e r  boot cove r s  and gloves wi th  decon 
s o l u t i o n  or d e t e r g e n t  and water.  

3. Rinse o f f  decon s o l u t i o n  from s t a t i o n  2 u s l n a  
cop ious  amounts of  water .  

4. Remove t ape  around boo t s  and gloves and 
i n  c o n t a i n e r  with p l a s t i c  l i n e r .  

5. Remove boot covers  and de.poslt l n  con ta  
w i t h  p l a s t i c  l l n e r .  

6. Remove o u t e r  gloves and d e p o s i t  I n  C O n t  
wi th  p l a s t i c  l i n e r .  

deposi t 

n e r s  

fner 

7. Wash s p l a s h  suit,  g loves ,  and s a f e t y  boots .  
Scrub wi th  long-handle sc rub  brush and decon 
so l  u t i  on. 

8. Rinse o f f  decon s o l u t i o n  using water.  Repcat a s  
many tims a s  necessary.  

9. I f  worker l eaves  qxc lus ion  zone t o  change 
c a n i s t e r  ( o r  mask). t h i s  i s  t h e  l a s t  s t e p  
i n  t h e  decontamination procedure. Worker's 
c a n i s t e r  is  exchanged, new o u t e r  g loves  and boot 
cove r s  donned, and j o i n t s  taped worker r e t u r n s  
t o  duty.  

10. Remove s a f e t y  boots and depos l t  i n  c o n t a i n e r  
wit! p l a s t i c  l i n e r .  

11. With a s s i s t a n c e  of h e l p e r ,  r m v e  s p l a s h  
su i t .  

12. Wash i n n e r  gloves with decon s o l u t i o n .  

Deposit  i n  c o n t a i n e r  w i t h  p l a s t l c  llner. 

13. Rinse i n n e r  gloves w i t h  water.  

14. Remo*,e f a c e  p i ece .  Deposit  i n  c o n t a i n e r  w i t h  
p l a s t i c  l i n e r .  

15. Remove i n n e r  gloves and depos f t  In  l i n e d  
c o n t a l  ner .  

Avoid touching f a c e  wi th  f i n g e r s .  
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FSOP 7: MAXIMUM MEASURES FOR LEVEL C DECONTAMINATION 

Sta t ion  16: Inner Clothing 16. Remove c lo th ing  soaked w i th  pe rsp i ra t i on  and 
Removal place i n  l i n e d  contalner. Do n o t  wear Inner 

c l o t h i n g  o f f - s i t e  since there i s  a p o s s i b i l f t y  
t h a t  small amounts o f  contaminants might have 
been t rans fer red  i n  removing the f u l l y -  
encapsulat ing su i t .  

S ta t ion  17: F i e l d  Wash 17. Shower i f  h igh ly  toxic,  skin-corrosive o r  skin- 
absorbable mater ia ls  are k n w n  or suspected t o  
be present. Wash hands and face i f  shower Is 
n o t  avai 1 ab1 e. 

18. Put on clean clothes. 

FSOP 7: MINIMUM MEASURES FOR LEVEL C DECONTAMINATION 

Sta t i on  1: 

Sta t ion  2: 

S ta t i on  3: 

0 
Sta t i on  4: 

S ta t ion  5: 

S ta t ion  6: 

S ta t ion  7: 

Equipment Drop 

Outer Gannent. 
Boots, and Gloves 
Wash and Rinse 

Outer Boot and 
Glove Removal 

Canister o r  
Mask Change 

Boot, Gloves 
and Outer Garntent 
Removal 

Face Piece 
Removal 

F i e l d  Wash 

1. Deposit equipment used on-sfte ( too l s ,  sampling 
devices and containers, mon i to r ing  instrunents.  
radios, cl ipboards, etc.) on p l a s t i c  drop 
cloths.  
p r o b a b i l i t y  o f  cross contamination. Ci lr ing ho t  
weather operations. a cool d o m  s t a t i o n  may be 
se t  up w i t h i n  t h i s  area. 

2. Scrub outer boots, outer gloves and splash 
s u i t  w i t h  decon so lu t ion  o r  detergent water. 
Rinse o f f  using copious amounts o f  water. 

3. Remove outer boots and gloves. Deposit i n  
container w i th  p l a s t i c  l i n e r .  

4. I f  worker leaves exclusive zone t o  change 
can is te r  (or mask), t h i s  i s  the l a s t  step i n  the 
decontamination procedure. Worker's can is te r  i s  
exchanged, new outer gloves and boot covers 
donned, j o i n t s  taped, and worker re tu rns  t 0  duty. 

5. Boots, chemical-resistant splash su i t ,  Inner 
gloves removed and deposited i n  separate 
containers l i n e d  w i th  p l a s t i c .  

Segregatlon a t  the drop reduces thrr 

6. Facepiece i s  removed. Avoid touching face w i th  
Facepiece deposited on p l a s t i c  sheet. f ingers,  

7. Hands and face are thoroughly washed. Shower as 
soon as possible. 
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Executive Sumam 

This ,  study provides a risk analysis for a proposed confined dkposal facil i ty 
(CDF) a t  a site in Northwest Indiana formerly occlrpied by the 
Cooperative Incorporated (ECI). The CDF would serve as a dispsal facil i ty 
for sediments dredged out of the Indiana Harbor and candl (MC) by the U.S. 
Army Carps of nkgheers. The proposed CDF would cover appmxhately 130 acres 
of the site, would acccBIpIlDdate 4 to 5 million cubic yards of dredged material 
and have a design life of 30 years. ?he sedhmts are contanuna ' tedwitha 
variety of pollutants 1- t o  the necessity of proper dhposal in a CDF and 
raising the c~cern of possible air emissions. 

?he study has three objectives: 1.) to mnpare the proposed CDF particulate 
and volatile toxics loadings to loadings reported in the W c  Release 
Inventory and reported in previcus air  pollution studies for the ared around 
Northwest Indiana; 
loadings f r o m  the CDF (l*Action*l scenario) to the 
ECI site w i t h o u t  the CDF (Wo Action11 scenario); and 3.) to assess the human 
health risks posed by the inhalation of potential airbarne Cantaminants 
released from the pmpcsed CDF. 
potential air  emissions of pollutants from the CDF, and the modellhq analysis 
estimates the annual average concatration of pollutants a t  the high school 
located approximately one half mile south of the proposed CDF site. 

It is impartant to note that all the cdlculations in this study were based on 

air toxics emissions and risk. 
objective of the study. 

2.) to cmpre the expect4 particulate and volatile 
loadings from the 

?he emission analysis quantifies the 

conservative assumptions and wors t  case estimates and thus  they owmstma ' t e  
The following are the results for each 

Obiective 1: CDF Loa- Canpar ison t o  TRI and Air mxics studies 

III amparison to reported 1- i n  the W c  Release Inventory (TRI) fman 
Lake and Rx-ter County, the loadings of particulates and volatiles from the 
praposed CDF are small. ?he amparison included benzene, ethylbmzene, 
~phthalene, toluene, xylene, polychlorinated biphenyls (FCBS), arsenic and 
chromium. The estimated total CDF contamhant loadings represent less than 
one per cent of the tatal W-reported area and point source loadings. 

Estimates of loadings in the Northwe& -ana area and loadings estimates 
fm two air pollution studies completed by Region 5 U.S. m n m e n t a l  
Protection Agency are also used for amparison. when CCBnpared w i t h  air toxics 
loadings reported in an air pollution study conducted in southeast chicaao 
(U.S.*A, Jay 1989) and with 
Chicago Study (U.S.EPA, April 
per cent of loadiqs reportd 

the total G d i n c ~ ~  reported in a -d 
1993), CDF emissions are small, less than one 
in ei ths  study. 
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O b j e c t i v e  2: @@Action@@ vs. Wo Action1@ Lr>adinas CamDar ison 

Ih the l@Action@@ scenario (construction of CDF with site 
=P=Jre of - totheairafterdredging,wh!=ntheyaredisposedofin 
the CDF, results in 1- to the a-e per year of air tnxics that are 
greater than estimates of loadings in  the @Wo Action1@ -io. However, stme 
volatile and particulate emissions froan the soil a t  the ECI site will be 
eliminated by the construction of the CDF, because the CDF w i l l  cover a 

Ihe loadings ccanparison included particulate matter, benzene, ethylbmzene, 
toluene, xylenes, polychlorinated biphenyls (pcBs), arsenic and chrcanium. 
Because of the lxxerkm ' ty of the data, it is not possible to detennine if the 
@@Action@m loadings are significantly different from the @@No Action1@ loadings. 

' tion) the 

portion of the site and prevent emissions of soil contaminants froan occlmiq. 

O b i e c t i v e  3: Human H e a l t h  Risk Assessment 

Ihe results of the cancer risk assessment show that us- conservative 
estimates, the total cancer risk due to inhalation of emissions frcm the CDF 
are smaller than the risks due to the &.sthq air quality. ?he major 
contaminants of concern, for which cancer risk mmkrs  were available, weze 
several polyarumatic hydrocarbons ( P M )  , including benzo(a)pyrene (a), 
benzene, p(3Bs, arsenic and chrcanim. 
cancerriskduetotheairconcentratianofcon taminants fm the CDF that 
were rmodelled in this study t o  the 30-year cancer risk due to the a-ic 
sources of a i r  toxics in the Northwest IndiaM and So&hea& Chicago areas. 
It was assumed that  reparted air toxics d t o r i q  data reflected the air  
qualityduetoatmsphericscxncesofairtnxicsinthisarea. Thetotal  
canoer risk due to worst  case inhalation exposum to CDF emissions is 
estimated to  be 2.3 x 10'. 
estimated cancer risk due to inhalation exposme to air toxics f r a n  ather 
sources in the area by themselves, Le. withcprt including CDF emissions, far 
30-years is estimated t o  be 3.1 x 10 4. 

?he risk assessmerrt caqared the 30year 

Based on air toxics mnitoriq data, the total 

TO M e r  put the cancer risk assessnsent results in perspective, they are 
anpared to -ion modelling results frcun the southeast and 
Mcago studies cited above. 
included sources from N o r t h w e s t  IndiaM, such as steel m i l l s .  
and studies indicated t ha t  the average individual lifetime cancer 
risk over the ent i re  population due to  expcsure t o  the 30 ampunls studied 
was abcozt 2.0 x 104. Based on the sautheast and southwest Qlicago studies, 
Region 5 U.S.EPA concluded that the residents of this area face about the same 
risk of cancer due to toxic a i r  pollution as do the residents of &her large 
u r h  areas in the U.S. 

?he emission inventories for these studies 
?he southeast 

Ihe non- risk assessment i n  this study shawed that the probability of 
actverse health effects due t o  non- conpow& (ethylbenzene and toluene) 
emitted fram the prqmsd  CDF is srnall, because the calculated Hazard 
quotients (HQ) w e r e  helm 1.0. ?he HQ is an inaimtor of the patentid risk 
posed by eqosure to non-inogenic ccanpaunds. mhes bel- 1.0 indicate 
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that the levels of eqosure are helm levels that are likely to be w i t h o u t  
appreciable risk of deleterious effects d u r i q  a lifetime of 70 years. 

uncertainties 

Scientific uncerhm ' ty is unavoidable for any risk assessaent. 
of 'es must be kept in mind while interpet i rq the results of the 
risk assessrrrent. 
contain SOBae uncerkm ties that arise fm the devel-t of these factars. 
These cam=er risk factors were developed for lifetime eqcsure (70 years) but 
are used in this study to evaluate 30-year apsure. 
ullcertainty in the risk analysis. Furthermore, m mcertam * t Y -  
intmduced by the broad assumptions that had to be made in order to mDdel air 
conamhations using dispersion mdelling. ?he calculation of cantaminarrt 
emissions from the MII site contained uncertarn ty, due to the irsconclusive 
-ling data informatian for the site. Finally, there are gaps in the 
scientific kwwledge of volatile emissions fraw sedbmts and the factars that 
affect these emissions. 

s e w  types ' 

the risk analysis, the cancer unit risk factors used 

This causes m 
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I. Introduction: overviewandp~~~~x) se 

I .A .  Punxxse 

?his study adltresses concams bue t o  the emissions of air- con- 
frams€di.lm~tobedredgedfrcantheIndiaMHarborandcandl (IHC) andthen 
dkposed of in a Confined Disposal Facility (CDF). The study focuses on 
volatile and fugitive particulate emissions of 18 pollutants that were 
de- in the IHC sedinwts. A glossary included in this report defines 
relevant terms, phrases and acronyms (section VI). 

The  study w a s  designed for three purposes: 1.) to cc~npare the CDF particulate 
am3 volatile loadings to loadings reported in the Toxic Release Inventcuy and 
as reported in previous a i r  pollufzion studies for the area arourxi N ~ r t b e s t  
Indiana; 2.) to ccrmpare the e x p e c t d  CDF particulate and volatile loadings 
(%ctionlt scenario) to the e>a?ected loadings from the EQ: site without the CDF 
(Wo Actiont1 scenario) ; and 3 .  ) to  assess the potential human health risks 
posed by the inhalation of airborne contaminants released fran the proposed 
CDF. 

I.B. ScaDe 

In this study ptent ia l  volatile contaminant emissions fm the Fraposed CDF 
are estimated anl input into a disprsion model to detenuine the average 
annual air concentration a t  a point nearby, where h u m s  are expcsed to  the 
emissions (in this case a local high school). 
with M missions are calculated. 'Ihe analysis of volatile missions is 
limited to the emissions of the praposed CDF ard excludes all ather sedhmt 
dredging ard handling activities, because it is apected that by canparison 
the proposed CDF w i l l  be the major saurce of volatile emissions over the 
caurse of the dredging project. 

TIE inhahtion risks associated 

Ihe e that  are included in this study were selected using the 
follcrwirrg criteria: availability of sediment cancerrtration data, availability 
of soil cancentsation dab a t  the site of the praposed CDF, and the potmkhl  
for release via the air pathway frum the propsed CDF. 
particulate matter emissions from the praposed CDF and the pmposed location 
of the CDF, on the Eherqy Cooperative, mrporated (ECI) site, are 
calculated, in addition to potential volatile emissions f m  the in-place 
sediments in the IHC. The atmspheric loadings that could result froan a i r  
emissions of w- ' ts froan these locales are c a p r e d  in  a llNo Actiont1 
versus tQctionll analysis. 
toxics per year to the a m a e  that could result from conaucting the 
dredging project versus not co-ing the d r e d g i q  project. Also, proposed 
CDF air toxics loadings are ccwpared to 
loadings of air toxics in Lake and Porter -ties ard southeast chicago and 

Patentidl volatile and 

The analysis cc~npares the relative loadings of air 

Release Imrentcny (TRI) reported 

luadingS estimated in air toxics studies for sautheast and scprthwest Chicago. 

-e and risk assessnents are l i m i t e d  to those axpunds  f o r d &  
sufficient health data was available t o  fanrmlate acceptable risk factors. 
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Both c a ~ ~ = e ~  risk and non-cancer risks posed to nearby residents are calailated 
where appropriate. 
airbrne con bminants fm the CDF, receptors of concern are at the high 
school lccated about half a mile directly south of the pmposed CDF site. 

Due to the p t e n t i a l  expcsure of students and faculty to 

I.C. Backclrolmd 

The U.S. Amy Corps of Ergineers (U.S.ACE) is authorized to aperate ami 

deposit the Federal damel, reducing depths, and restricting the nrrvQllents 
of ~ ~ i g a t i o n  traffic. 
sediments must be dredged periodically. ?he sediments arecantarmM tedwitha 
variety of pollutants leading to the necessity of proper of the 
sedinents and raising the concern of possible air missions, if they are 
disposed of in a proposed CDF. Approxhably 5 million cubic yards of 
sediment will be dredged using a mechaTu 'cal (clamshell) dredge w i t h  a closed 
Lxlcket. 
tsansported to a proposed CDF. A pmposed location of the CDF is on a site 
formerly occupied by m. 
George kanch of the canal (see Attachmmt 1 for maps of the IHC and ECI site 
locatian) . The proposed CDF muld cover approximately 130 acres of the site 
and would accammDdate the dredged material and have a design life of 30 years. 

N o r t h w e s t I n d i a M  , i nwf i i ch th i s sedhen t  dredging project is taking place, is 
a part of a highly e ialized urban area, w h i c h  is one of the nation's 
faremost lccations for integrated steel w o n  and a wide lMge of ather 
manufacturirq activity. -use of increasirg =tiad a s o n  focusing cm 

(U.S.EPA) recently ccducbd a i r  M c s  studies in southwest (U.S.EPA, 1993) 
and SCRltheast chicago (U.S.EPA, 1989) to evaluate the cancer risks attributed 
to air pollution in these areas. The emission inventories for these studies 
included sources f m  Northwest Indiana, such as steel m i l l s .  The sautheast 
and t%u#mst studies indicated that the average individual lifetime cancer 
risk over the entire papulation due to expcsure to the 30 capom% studied is 
abcnrt 2.0 x 104. Region 5 U.S.EPA cmcluded that the residents of this area 
face no greater risks of cancer due to toxic air pollution than the residents 
of other large urban areas in the U.S. 

rdntah the Federal ~ ~ i ~ p t i ~ n  project at -ana Harkxx.  
enter the Grard cdlumet River/IndiaM H a r k  and canal (GCR/MC) waterway 

Sedbeks which 

In ordm to maintillll ' authorized &amel d y t h s ,  these 

The dredged material would be lowered into barges or scows and 

The site is situated directly north of the Lake 

air toxics, the Region 5 office of U.S. Ewimnmm talFmtectl 'on Asency 
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11. studv micm and Methodoloav 

T h e  study was designed to cpantify the air emissions of pollutants fYau -- in the praposed CDF, mcdel the dispersion of the airborne 
pollutants off-site, and obtain the average cmcentmtion of air- 
pollutants a t  specific receptors, so that an inhalation risk - could 
be 
school directl y south of the praposed CDF (East Chicago Central High School). 
?he high school was chosen because of the pumwLal ' f o r ~ a n d b e c a u s e  
this is one of the closest locatians where the public may be inpact& by air  
emisisons frcgn the site. 
thwgbutthestudytoesthateaworstcase~escenario. I h t h h  
study wors t  case, average case, & least case emissions were calculated wia 
the average and least case SCeMlrics usedto obtain an estimate of the range 
of tatdl risk due to potential emissians froan the CDF. 

Receptors of concern were facvlty and students a t  the high 

In general, conservative assapti- were made 

me study w a s  conduct& in several stages: 
loadings of pollutants from the CDF to the ambient air were calculated and 
conpred t o  reported loadings in the Northwest Indiana ara; 2. )  the CDF 
loadings w e r e  also conpared t o  expcted loadings from the EcI site without a 
CDF. ?zle two alternatives are referred to as "No A c t i o n I 8  and 88Action88; 3.) 
the pollutant &ion rates were used with a dispersion xndel  t o  estimate 
annual average ambient concamtiom in the vicinity of the CDF; and 4.) 
a risk assessruent w a s  meted to estimate the excess oncer and non-zancer 
risks posed by these emissions. 

1.) using e m i i o n  equations, mass 

l l l i s s e c t i m ~  the asfllDtp?tiofls ard methodologies used in the first 
three stages of the study. section 111 aisrusses the faurth stage. 

1I.A. Corrtaminarrt Data 

II.A.l. sediment Contaminants 

To estimate emissions fram the proposed CDF, contamman ' t m m x l t r a t i o n i n  
sediemt were needed. 
locations in the IHC proposed dredging area (see A t t a c h m e n t  2 for data and 
sampling locations), average concentrations for the volatile organic a x p m d s  
(VoCs), semi-volatile organic ccqouxk (svocS) ard mtah were calculated. 
Table 1 shaws the average sediment concentrations for each of the chemicals, 
and the maxirrmm and minimum concentrations. Rre average concentsations were 
calculated by taking the average over the fourteen sample locations. Ihe 
average Concentrations were later used in  the emissions calculations ( W o n  
1I.B.). 

Based on U.S.E!PA sediment sampling data f m  14 

Naphthalene analysis of duplicate samples a t  sample site number 10 (S-10 and 
D-10) shrrwed widely wrying ConCentratians (5,800 q / k g  and 1,500 ny/kg 
reqxctively). 
10 aril D-10 samples (3,650 xq/kg) w a s  used in the calculation of the overall 
average sediment concentration of naphthale. 

To be mare representative of the sample, the average of the S- 
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24.4 5.3 -0 (a) pyrene 150 

-O(b) - 72 
f luaranthene 18.4 6.4 

(zone i) 
Polychlorinated 
Biphenyls 
(Zone 2) 

Toluene 

Wl- 

- 

AI. I 3.2 - 
760 324 

-- 8.:  400 59.8 

6.0 - - 

55 8.4 0.23 

77 14.8 0.23 

n.d.d nod. . .--, A 1 . U .  

anthracale 

1.3 0.23 EulylbenzW3 2.2 
I 11 Fluorene I I 

I I 

380 I 49.5 I 4.4 1, Flumarrthe I 650 I 83.4 I 17 !ne - 
3650 653.5 5.8 

I Polychlorinated 
Biphenyls 

Average concentration used in the study for the emiians calculatims and 
dispersion modelling. 

PcBsedimnt concentrations were calculated by the u.S. carps of 
Ehgineers us- a volunewei@ted method. zone 1 refers to the sediments w i t h  high concentrations of KBS, that w i l l  be treated as TSCA wastes. 
refers to the rest of the sediment to be dredged. 

zone 2 
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II.A.2. EICI S i t e  Contaminants 

Arsenic 
Benzene 

chr&m 
Ethylbenzene 

Fast 

Toluene 

Wl- 

Due t o  the lack of complete soil and free-phase hydrocarbon data a t  the site, 
available data was used to estimate concentsations of VoCs, sv0cs and metals 
a t  the site (ERM, April 1992). 
con taminants detected in the mt. 
calculated by averaging the available data. 
locations and some data points, see A t t a c h m m t  3. These maps do not show a l l  
the sample points. Table 2 shows the calaitated average soil cancentratians. 

ECI soil data was not available for a l l  the 
h average soil concentration w a s  

For a site map with sanplhq 

49.8 34.4 - 1.1 

13 1.1 0.001 

436 20.9 0.45 

170 3.4 0.002 

0.79 0.001 

72 1.2 0 0 001 

360 8.8 0.001 

32.3 

N o  infonaatian abaut the extent of free+ase oil  COntarmM ’ t i o n o n t h e s i t e  
was available a thus the potential emissions via this pathway w e r e  nut 
estimated. SOane data of 
available rang- f r a  10 q/kg to 850 mgFg. 

Table 2. MTI Si t e  contaminant Cmcmtrations 

amcentrations in free-phase o i l  on the site were 

All data are froan IBPilot systems Repcrrt and Design workplan far the 1;u1- 
scale Free P h a s e m b o n  w i n a n e n t  m-=Y system” (=, APnu 

W method results in a 
1992). The data points that were reparted as %ondetectsBB were included 
in the average by using half the detectx ‘on l i m i t .  
consenmtive estimate of soil comtrat ions.  

meSe average concentrations w e r e  used in the emissions calculatioars. 

Average amcenb-ations of various ArocNars (1248, 1254, 1260) based on 
spli t  spoon soil  samples to a depth of 6 feet. 
m t i o n s  in free-phase o i l  on the site were available ranging f t a n  10 
q / k g  to 850 mg/kg. 
site ccpild not be estimated, the emissions froan free-* o i l  were not 
assessed. 
emissions froan the site. 

Soaae data of PCB 

Because the surface area of the freephase oil on the 

It is expeckd that these e m i i o n s  c o n t r h t e  significantly to 

9 
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1I.B. Emissions Calculations 

II.B.l. 

Wee volatile emission pathways for VOCS and svocS have been identified for 
ux, 1989) 

relocation. lhese are dredging, -, 
CDFs (?hibodea 
concenaed with sedimmt 

emission pathway is from expced and drying sediment in the CDF. 

in the CDF covered by water that has not yet drained from the CDF. 

Selection of the Ehissions Pathways 

The first h l v e s  those CDF operations that are 

discharging, and other related sedbent handlingoperatiam 

pathway is from E X l b e q e d  sedinwt that has not been dredged or from sediment 

Thesecon3 
Ihe third 

volatilization is the process whereby a ccnrrpound passes into the a i r  fmm a 
solid or liquid surface. 
related to Henry's Constant of the CCBnpoMd: a caqourd with a high Henry's 
constant has a higher volatilization potential than one with a low -1s 
constant. 

The degree of volatilization can be generally 

?he mass of CQntaminantS volatilizing from eadl of these pathways also 
directly on the surface area of locale. For the sake of this initial risk 
-t, it w a s  assmd that over the 30 year praposed CDF filling w, 
emissions from the exposed and drying sediments in the CDF would be the most 
significant canpared to emissions from other pathways. ?he surface area of 
the wing sediments in the proposed CDF will be a-tely 104 acres, 
wheres the dtredging shave1 and the .transpart barge have relatively low 
surface areas by caparism. 

An additional pathway for 
a s i t d r i e s o u t .  Ihe 

twfiich dw- particles CQntaUl ' scare of the less volatile COrRaminants 
sorb anto the particle surface. 
wind. ?hispamlayisdiscussed in detail in Section II.B.3.c. 

7nt emissions froan the CDF is the release of 
airborne particulate matkc froan the a p s e d  SediEnt 

?he particles can be carried off-site by .the 

Ihe emiion sources ard the applicable pathmys that are assumed in th is  

diffusion fram the sediment t h roqh  the water and subsequent volatilization 
frum the water surface (see Section II.B.3.a); 2.) the expc6ed soil at the ECI 
site releases con taminants via volatilization from the soil (see Section 
II.B.3.b) or via the transport of particulate matter off-site (see Section 
II.B.3.c); and 3.) the e x p c s d  sedimerrt in the a F  releases via 
volatilization from the sediment (see Section II.B.3.b) or via the L x s p r t  
of particulate matter off-site (see Section II.B.3.c). 

study are: 1.) the M C  in-place (sulrmergea) sediments e m i t  ccartaaninarrts via 
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II.B.2. ison of LmdinaS from No Action vs. Action 

w alternatives compared the relative air loadings of VDCS ard svocS due to 
the disposal of dredged sediment in a praposed CDF at the ECI site (llActionll 
alternative) to the air emissions that would occur if the 
in the IHC and the ECI  site were not capped by a CDF (Wo Action1' 
alternative). 

w e r e  left 

In the Wo Actionll alternative, VOCS and svocS present at the Mx site were 
assuraed to volatilize to the air, ard contaminants fouIld in the suhnerged 
sedimerrts in the M C  diffuse through the water column and volatilize hraan the 
wa- surface into the atmosphere. 

In the llActionll alternative, the wnstruction of the proposed CDF on the ECI 

faund at the site. 
con- to the air through diffusion to the water surface and 
volatilization to the air. Also, in the %ctionn8 alternative, volatilization 
of VOCs and svocS fram the sediment Was asfllraed to OCCUT in the praposed CDF. 
?he surface area of sediment 
o m  of the lIlDst important parameters that detemines the mass of cantaminants 
that volatilizes frcan the proposed CDF. 
contarmnants that volatilize fm the praposed CDF, it was necessary to 
deterrrrme ' the surface area of expzsed sedinserrt . Iheapproachtoestimatiq 
the surface area an3 other pamwterS iS described helm in Section II.B.3.b. 

site was assumd to act as a %apm8 to emissions of contaminarrts -Y 
In-place sedhnts in the canal were assumed to emit 

the proposed CDF that to the a i r  is 

In order to h t e  the mass of 
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II.B.3. Emissions Sources 

This section discusses the assumptions and emission models used to calculate 
volatile and particulate emissions fram various suurces in this study. 
sour- are: the subnetyed sediments in the MC, the exposed soil at the EI 
site, andtheexposed SeaimentSintheCDF. Ihenrdelusedtopredictthe 
release of VOCS and svocS fmsn suhzlerged sediments is described in section 
II.B.3.a. 
ards%dhmts in the CDFwere calculated us- a mdel developed by the Amy 
corps of mgineers (U .S .Aa ,  septembes 1990). ?he mdel prelicts the 
volatilization of 
s v o c ~  firaa dredged material  throqh volatilization. ~ I & S  PIOdel is described 
in Section II.B.3.b. Ihe emissions of particulates was calculated far the ECI 
SiteandtheCDF, whichcccurswhenthesoilandexpcsedsedhmk 
auld be picked up and b l m  by the wind. Andel developed by EMns and 
Cooper (1980) was used that has been adopted for estimating particulate matter 
emissions in area source inventories and is described in Section II.B.3.c. 

'Ihese 

missions of the VOCS and svocS from expcsed soils at the ECI site 

ard was applied to estimatiq the loss of VoCs and 

II.B.3.a. Volatilization from S u h e m  ed Sediment in the MC 

'Ihe pathway far volatilization in the case of suhmyed sedirmt involves 
desorption from the susperded solids phase, diffusion through the water, and 
tsanspart through the air-water interface. 
in the IHC is approximately 390 acres. 
approximate surface area of 13 acres. 
model, see A t t a c h m m t  4. 

The surface area of the sedbmts 
Ihe TSCA e t s  cover an 

Fur a detailed explanation of this 

'Ihe input paramters used for these calculations and the results are 
in Attachment 5 ,  Table A-1. 

II.B.3.b. 
- Site 

Volatilization from Exmsed Sediment in the CDF and Soil at the Ex3I 

in soils 
particles 

W mdel assumes that the volatilization pathway for CQntaminarrtS 
andsedimnk c a m s  f m  the surface layer of the soil or sedimerrt 
and ant- losses aane from the pore spaces between particles. ?he 
emission pathway involves desorption from the particle surfaces into the water 
film s u m m d m g  the particles, diffusion through the water film, desorption 
from the water film in to the pore gas, and diffusion through the pare gas 
prior to emerying into the atmosphere. 
limiting step in soil systems. 
A t t a m t  4. 

last step is apparently the 
For a dewled explanation of this plodel, see 

In order to estimate the volatile flux of svocs and wcs fran sediments inthe 
praposed CDF, it was necessary to detenune ' the surface area of exposed 
.s&hent. 
of the proposed CDF are filled w i t h  sedimerrts . Thebestestimatethatcanbe 
made is to assume a surface area for input into the model. 
amprtmnt of the proposed CDF will have higher concentrations of PCBs 

?his surface area will be contirmally changing as the three labes 

Also, the TscA 

l2 



dredged from Zone 1. 
aqlained below. 
All the assmptions are the sam for every scemrio, e far the surface 
arw. It shauld be noted that in reali ty a l l  of these SCeMlrios 

case" CQnditiOlls, because they are based on consenmtive assmptions. 
For example, the least case -io does not represent the least possible 
emissions, because it assumes that the TSCA cell would be e x p c s d  to the 
atmosphere for 30 years. 

Table 3 is a sumnary of the emiians scenarios 
scemrio 1 (worst case) was used in the r i sk  assessnent. 

&vel of ~ s s i o n  

Assessment 

worst case 
Average C a s e  

T_leastcase 

Ektjnlate/Risk 
Modelling Surface A r e a  of -e T h  of 
Scenario CDF mccarrparhnent 

1 Hi* 30 years 

2 Medim 30 years 

3 LrxJ 30 years 
- 

T b  calculate the surface area of the pmpcsed CDF, the CXlF design and the CDF 
fill- plan were taken into account. 
proposed CDF design. 
scpltheast lobe, the sx thwe& lobe. me smmwest lobe wil l  contam ' a m  
ccanpartment far t h e m  regulated sediments . It will  not be a separate labe, 
as it is depicted in Figure 1. Instead, the walls of the TSCA ccanparbsent 

?he- 
w i l l  be filled w i u l  !L?XA sediments and then covered over by non- sedim&z 
as the smthmst lobe is filled. 

Figure 1 shcrws a diagram of the 
It is made up of three lobes: the N c r t h  lobe, the 

will  be farmed froan - sediments i n t h e m m w e s t l o b e .  

The volume, height and surface area of ~ c h  of the lobes w i l l  vary as the 
lobes of the praposed CDF are filled w i t h  sedbmt. 
plan for  the CDF proposes that  construction and fi l l ing w i l l  occur over a 
period of approXirrately 30 years. Dur- this t i m e ,  same of the lobes of the 
CDF w i l l  be filled as others dry. Ihe TSCA lobe w i l l  be lccated within the 
smthwe& lobe and w i l l  be filled rapidly and mered over w i t h i n  4 mnths to 
minimize volatilization of the PCB. 

T h e  tentative f i l l ing  

Attachment 6 shows the three-stage dike-co nstruction plan and the 30-year 
proposed CDF filling plan. During Stage I the CDF w i l l  reach a height of 15 
feet. A t  this t h ,  the surfae area of the CDF w i l l  be a t  a nmchunn. To 
provide a conservative worst-case estimate of emissions froan the CDF, t h h  
surface area was used in the emission mdel t o  represent the surface area of 
the praposed CDF dur- the 30 year f i l l ing  operatian. 
modelling, this estimate was called scenario 1. 

In  the dispersion 

In order to obtain an estimate of the rarge of possible emissions f m  the 
proposed CDF, various 
areas. 

SCeMlrios were also studied LIS- smaller surface 
A surface area representative of the medium surface area over the life 

13 



of the CDF was used to cdlculate average emissions froen the CDF. This surface 
area occurs aUr- Stage I1 when the (PF height has reached appmxhately 20 
feet. Ihe l o w e s t  surface area was used to calculate least case d i m s  frcan 
the CDF over the 30-year life--. This surface area occurs dur- Stage 111 
when the height of the a F  has rea- 25 feet. In the dispssion mdellhg, 
these estimates w e r e  called scenarios 2 and 3 respectively. 

be cansenmtive, a l l  emission scenarios assumed that the TSCA cell lobe 

It should be noted that according to the f i l l hq  
w i l l  be opm and w i l l  be a scxnce of emissions for the en& life of the 
pmposed CDF (30 years). 
plan, TSCA m a t e r i a l s  w i l l  actually be exposed for only 4 mnths Out of the 30 
year period. 
contaminated dredged sediments and w i l l  not be expsed to the atxoqhre for 
mst of the 30-year duration of the project. 

In reality, the TscA m a t e r i a l s  w i l l  be covered up by less 

In addition to surface area, the process of wetting and dryins probably has a 
larye impact on the flux of VoCs and svocS frm the sediments , w i t h  flux 
highest right when ctiyixx~ wins and clrapping off substantially in a short 
period of time. 
the soil surface can exert their f u l l  vapor pressure because they are 
displaced by w a t e r  (Thibdeaux, 1989). In addition, the porosity of the soil 
w i l l  incr- fram water pressure loadings. ~n increased porosity allows for 
higher mass transfer clue to decreased himkame - v - , M p a r  
pressure and porosity, w i l l  decr- as the soil dries. Ihe parameter . I t@@ in 
the flux equation can be used to repEsmt the amount of time betweenwetting- 
drying cycles. 
A @@t@. value of 60 days was used to appoxbmte both the effect of 
wetting/dKying and the minimum time b e l i e  t o  OCCUT bebleen arry Sedimmt 
mnagmmt practices such as filling, q a x a d u q  , andcreatirrgdewatering 
trenchs. 
volatile flux frm the exposed sedimnt. 

?he reason for this is, once w e t t e d ,  the VoCs and svocS a t  

In other words, it represmb the time between rain events. 

This value of @@t@@ is conservative and may overestimate the actual 

A parameter that had to be calculated for  the emission equation was the 
molecular diffusivity of each contaminarrt inairandinwater. 
ether were used as refer- respectively. 'Ihe follawing quations 
were used ('lhibodeaux, 1979): 

Benzeneand 

and 

where: 

& 

b 

= Molecular Diffusiviw of ccmpxx l  A in water (&/s) 

= Molecular D i f f u s i v i t y  of ether in water (&/s) 
= 8.5 x 10' &/s 

= Molecular weight of A, g/mole 
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= ~1ecub.r weight of ether, g/mle 
= 74.12 g/mole 

%9 = Molecular Diffusivity of CcBapOund A in air (&/s) 

B = Molecular Diffusiviw of benzene in air ( d / s )  
= 0.0449 d / s  

P I N , ,  = Molecular weight of benzene, g/mole 
= 78.11 g/mle 

A furtha parm&er that had to be calculated for all ccmpmds except for 
PCBs was the Seaiment/water distrikution coefficient. For PCBs the value for 
this parameter that w a s  used w a s  reported by the Army Corps (U.S.AcE, 
September 1990). Hcrwever, to estimate this parameter for all the ather 
capunds, the following equations were used froan an Air/superfund Natioml 
Technical Guidance Study Series document (U.S.EPA, January 1992) . 

& 
& = arganic carbon partition axfficient, (l/kg) 

- - sedhent/water partition coefficient (1m) 

f, = fraction of organic carbon in sediment, (kg/kg) 

K, = octanol/water partition coefficient, (l/kg) 

Values for & and 1- were obtained f m  the FIATER7 database of the office 
of A h  Quality, Planning and standards (OAQPS) of the U.S.EPA. The wdue for 
f, was determmed ' qJd.EnMly for the ..adim?n+_ and is rqorted in the 
U.S.ACl3 EZS, E. 

The irrpert used for the calculations of emissions frcan the atposed 
-t in the CDF ard the results are presented in Attachmmt 5, Table A-1. 
m e r w e s -  ' fram the -7 database of OAQPS were molecular 
weight OaJ), solubility (s) , and vapor pressure (P,). 
To calculate volatile emissions of VDCs and svocS from the 
approach was used as for the emissions fram the exposed ..adirrrpn+_c: . ? h e  
cOflcentratiollS of the VoCs and 
into the expcsed volatile emissions -1 for expced ..adimprrt_ eXplained 
above. 
were assumed. All other inputs to the emission d e l  were the same as for a 
expcsed sedimnts. 

site, the sam 

in the soil of the M3I site were ingut 

A 130 aae suzface area was assumed, ard unsaturated soil. conditiolls 
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II.B.3.c. 
the E]cI Site 

Particulate Matter nnissions from E3axzsed sediment in the CDF and 

~ a r  CCrl[lPOUndS that are non-volatile or semi-volatile, such as mDst metals  and 
s v o c ~ ,  fugitive particulates may represat a relatively significant air 
exposure route. Metals and svocS adhere to particles, whi& can blow off the 
EQ: site as dust. Also, as the CQntarmM ted sedimmt dries, a fraction of the 

less than 10 pm can enter the respiratory system of humans wfren they are 
inhaled. cantarmnan ' ts on the particles thus enter the human body. 

can be tmnqmbd off the CDF. Ixlst particles with a -ter of 

estimate the potential risk of expsure to mtals and SvIXls adheriq to 
dust c a d q  f r o m  the ECI site or f m  the CDF, the concentration of 
particulate matter emitted from these locations w a s  dculated. To be 
conservative, it was assumed that all the particulate matter escapiq fram the 
site is respirable (i.e. less than 10 pm in diameter). Ihe cmcmkation of a 
particular metal or SvOc contained in the fugitive particulate matter was 
calculated by multiplying by the mss concentration of the m e t a l  or SvOc in 
the soil of the EXX site or in the sediment in the CDF by the concentration of 
fugitive particulate matter. 

?he concentrations of metals and svocs were input into the fugitive dust model 
described below. T h i s  approach assumes that the soil comenixation of the 
con taminants is the same as the fugitive dust concentration. ?he surface area 
of the E C I  site was assumed to be 130 acres and for the CDF it was assumed to 
be 104 acres. It was assumed that 50 per cent of the E I  site is CQvered with 
vegetation ard that the CDF has no vegetative cover. 

?he fugitive particulate matter equation was initially developed far non- 
tilled cropland and can be region or ccnmty specific: 

E = A*I*K*C*L'*V' 

E = total soil loss (tons/acre/year) 
A = suspended fraction 
I = soil ercdability index 
K = roughness factor for terrain 
c = climatic factor based on wind speed and ?homitels Precipitation Index 
LI = unsheltered field width 
VI = vegetative cwer factor 

Table 4 corrtains valm for the input parameters that were developed far 
southeastern Chicago ard have been used for this study. 
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Table 4: ~nplt parameters for Fugitive Particulate Matter &p i t i on  
(Source: U.S.EPA, 1989) 

a Evans and Cooper (1980) . 
estimations, a value of 0.5 for V' w a s  used, since vegetation is present on 
the site. T h i s  value w a s  chosen to be amservative, because though vegetatian 
ispresent, theewctextentofthevegetativewverisnotknown. 

and Lake Co. lidex value is based on EPA-450/3-74-037. 

Far the IKX site particulate ma- emission 

Based on a silty loam as deterrmraed from UsDAjsCs soil slxveys of coak Q. 

Midpoint of literature values 

EPA-600/8-85-022. Index value is based on IrdiaM data. 
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1I.C. D i m e r s  ion Modelling 

~n order to be able to assess the risks posed by 
particulate cQnl3minants froan the sdimnts in the pmposed CDF, dispersion 
modellirq w a s  performed to estimate the expcted ambient CancerrtratiOns of the 
COntamiTLants. 

to volatile d 

once these canclerrtratians were known, a risk asesamk was 
us- available health data. 

Ihe U.S.EPA approved Scxnce COUpleX Term V e r s i o n  2 (ISCIX2) 
dispersion mDdel was used to mdel annual average a i r  -ti- in the 
viciniw of the CDF. 
pollutant in order to simulate a m b i d  air quality concdxations. 
was run in the flat terraln mDde andurban dispersion paramem were used. 

?he model assumes a gaussian distrihtdon of the 
Ihe mdel 

The emissions frcan the praposed CDF were simulated as multiple area scurces. 
The model accepts d y  square areas whcse sides are ori- north- and 
&-west. 
the CDF was subdivided into smaller square areas. 
southeast lobes were ea& divided up into two squares of equal sizes. Figures 
2 and 3 and Tables 5 to 7 shaw hcw the CDF was divided up 
sources for the three emissions scenarios mentioned above: w o r s t  case, average 
case and least case or scenario 1, 2 and 3 respectively. Inputs to the mdel 
were the x and y coordinate of the ScRTulWest corner (in meters), the length of 
the side of each area source (in meters) and the release height of the scarce 
(in meters). 
scenario. 
froan the TSCA CCBlIpartment w i t h i n  the sathwe& lobe, both the a- 
case an3 least case Scenarios have 6 area sources. 
TscA 

calculations of the average case and least case scenarios. 

~n (x,y) origin was specified at the sathest corner of the 
To accaUnt for the thickness of the CDF dikes between the lobes, a space of 25 
ft (7.62 m) was modelled betww~ the SmUwest and southeast labes, a& a 
space of 50 ft (15.24 m) was modelled between the South lobes arxl the 
lobe. 

In order to model the irregular ly  shag& area of the CDF labes, 
For example, the N e  ami 

square area 

The size and number of area sources vary accordirrg to eadl 
The w o r s t  case scenario has 9 area sources to ca lah te  emissions 

?he emissims frcm .the 
nat -led for ea& SCeMlrio to sinplify the 

l m d e l l ~ .  Howewx, the TScA impacts were h l u d e d  in the risk 

lobe. 
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CDFlobe Area Release Surfacekea k q t h o f  x,yooordjnate 
mdelled Source # Height of saxce side of sow. 00rne.r 

(d) (m) 
(m) 

North 1 4.57 64 , 144.021 253.267 (0, 554.482) 

North 2 4.57 64 , 144.021 253.267 (253.267, 554.482) 

S.W. 3 4.57 72,947.513 270.088 (277.448, 269.828) 

S.W. 4 4.57 72.947.513 270.088 (277.448,O) 

S.E. 5 4.57 72,807.369 269.828 ( 0 , O )  

S.E. - 6 4.57 16,187.426 127.230 (127.230, 269.828) 
TSCA 

S. E. 7 4.57 16,187.426 127.230 (269.828,O) 

S.E. 8 4.57 20,216.259 142.184 (0,397.058) 

S.E. 9 4.57 20,216.259 142.184 (142.184, 397.058) 

Total 419,797.807 
surface 
area of 

($1 



h) 
0 

CXlF lobe 
modelled 

Table 6: SCeMlrio 2 Dispersion Pbdellhg Inpts 

Area 
Source # 

Release 
Height 

(m) 
9.14 

9.14 

9.14 

9.14 
I I ~ 

!%rfaceArea Lengthof 
of source side (L) 
(ni9 (m) 

56,360.233 237.403 

56,360.233 237.403 

69 , 534.813 263.695 

69,534.813 263.695 S.E. 4 

9.14 

9.14 

S.W. 5 67,432.139 259.677 

67,432.139 259.677 I S.W. I 6  

386,654.370 

(237.403, 534.594) 

(267.297, 259.677) 

(267.297, 0) 

(0 .  0 )  

(0, 259.677) 



Wle 7: Soenario 3 Dispersion Modellins Inptts 

N o r t h  

1 modelled 

2 

I N o r t h  I 1  

9.14 

9.14 

9.14 

9.14 

N 
CI 

62,042.462 249.083 (253.153, 245.533) 

62,042.462 249.083 (253. 0) )  

60,286.223 245.533 ( 0 ,  0 )  

60,286.233 245.533 (0, 245.533) 

S . W .  1 5  

S.W. I 6  

Total surface 
area of CX>F 
($1 

9.14 148,969.518 I 221.291 I (0 ,  506.306) 

9.14 48,969.518 221.291 (221.291, 506.306)) 
1 1 1 

342,596.406 



The meteorological data was obtained from the I n d i a  Department of 
Ernrironmental mgement  (IDEM). The data w a s  taken from meteorological 
tawers in Hannnond (site # 181780014) and Whiting (site # 184540005). 
years of meteorOlogicaldata k l u d e d  1984 to 1988. ?he data w a s  collected a t  
the 10 mter level. 
distributions of w i d  speed and wind direction by stability category, w h i c h  is 
used by ISCI-IT;! as the main meteorological input. 
meteorological data files are known as stability Array summaries, or St!AR 
sunmmries. Average teqerature and average m b h g  height data froan IDEM were 
also input into the mDdel. An initial n m  of the mDdel sh fxd  that the 
highest amca&ratians OcCuTred us- 1986 meteorological data. 
conservative, the r a a i n i q  runs were made us- the 1986 meteorolcgical data 
set. 

Five 

me IDEM meteorological data contains joint frequency 

lhese types of 

Thus, to be 

The Cartesian grid receptor network that was used is Shawn in Figure 4. 
origin of the Cartesian grid w a s  located a t  the 
proposed CDF. ?he grid surraclnded the CDF with receptor points a t  400 meters 
(0.25 m i l e s )  and at  800 meters (0.5 miles) fram the baundary of the (3DF. ?he 
points are spaced 100 meters apart. 
the CDF a t  400 meters is called Line 1 and the grid a t  800 meters is called 
Line 2. The receptors of concern were students and faculty at the high 
school. ?he high &wl is located 800 meters south of the boundaq of the 
CDF and 400 meters east of the western edge of the CDF. 
judged to be 1- a t  distances beyord 800 m fm the edge of the CDF, and so 
the receptor grid and the high school w e r e  adequate t o  represent worst case 
=Po===- 

The 
comer of the 

?he line of receptor pints surrolnding 

-tions w e r e  

A t t a d n n m t  7 contains copies of the input files for the model run for -io 
1. For mdel input pmposes, the receptar grid was divided up into north, 
e, south and west ne-ks. 
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111: Loadinas Estimation and Risk Assessment 

1II.A. Contarmnan ' tsofcQm=ern 

Many ampour& have been detected in the sediments frow the IHC. 
are carcinogenic and have a potential to escape from the pmposed CDF via 
volatilization and via fugitive dust were focused on. 
wnpuxls, for w h i c h  there are Reference concentrations (Rfcs), were also 
assessed, 
Table 8 .  

Those which 

Same non-inogenic 

The ampun% assessed and their toxicity infonuation are given in 

Table 8 summarizes the toxicity data that w a s  available for this study. Of 
the capurds on the list, health effects information for the RfC was 
available on the U.S.EPA Integrated Risk Infomatian System (IRIS) only for 
ethylbenzene and toluene. The derivation of the RfC is ccanplicated, because 
in deriving an acceptable qmsure level for humans froan inhalation toxicity 
data fraw animals , the diffeences in respiratory anatcnuy an3 physiology 

of the inhaled chemical rnust be t a h n  into account. 
in the RfC actually pertains to the quality of the study frcnndch the lmest 
obervable adverse effect level (LISAEL) or the no obsenmble advase effect 
level ("EL) was chosen, and the ccanple- of the ' 

between e x p e r h t a l  animals arrd humans, as well as physicochenu 'a properties 
?he degree of confidence 

Kncrwn human Carcinogens are arsenic, benzene and chroanium. 
that all the chrcanium to w h i c h  the receptor is exposed via fugitive dust is in 
themst toxic form (e +VI), w h i c h  is a wnservative assmptim. 
Benz(a)anthracene, benzo(a)pyrene (W),  benzo(b)fluararrthene, 
benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene and PCBs are probable 
humancarcinogenS. AceMphthylme, ethylkmene, fluorene, fluaranthene, 
naphthalene, phenanthrene and toluene are not classifiable as to human 
carcinogenicity. 

It was assumed 

For -le, toluene inhalation aposure causes resphtary effects and 
there is medium confidence in the RfC. The confidence is medium because the 
study identified a LOAEL versus a NQAEL. The confidence in the supportirg 
d a w  was also medium, because there is good chronic animal data, but not 
chronic human data. Also, the animal reproductive studies t h a t  were mrduckd 
identified a mst sensitive species (rabbit) but not an en2poht. 
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Table 8: 
In€omtion milled from IRIS; as of 1/27/94 

Wxiadogy Data - Indiana Harbor EIS Air Risk Assessnent 

Benzene 

-(a) - 
anthracene I 

208-9 6-8 

71-43-2 pz.ovisional 
Rfc available 
(5  E-4) 

56-55-3 

7440-38-2 

inhalation 
is 
available 

B2 

' 82 

~ B2 

El2 
L 

50-32-8 

205-99-2 

207-08-9 
I 

under review 

hepatobxicity; law 
confideme. 

hyperpigmntation, 
keratosis and 
possible vascular 
acanplications; medium 
confidenoe. 

under review; 
hemtological 
effects; p y i s i o n a l  
RfC available (5 E-4) 

6 E-2; 

3 E-4; 

carc 
classificat 

risk far 
inhalation 

available 

A, d t  
risk for 



classif icat 
ion 

18540-29-9 
~ ~~ 

5E-3; m effects 
reported; law 
confidence. 

A, unit 
risk for 
%lation 
available 

218-01-9 B2 

B2 D i b e n z  (a, h) - 
anthracene 

53-70-3 

100-4 1-4 1 Ei-0; 
developumtal 
toxicity; low 
confidence. 

1 E-1; liver and 
kidney toxicity; law 
confidence. 

D 

N 
UI Fluorene 86-73-7 hematological effects 

(e.g., decreased red 
blood cell can t ) ;  
law confideme. 

D 

Fluoranthene 
~~ 

206-44-0 “PhrOpathY I 

lfmeased liver 
wights, 
mtological 
alterations; law 
confidence. 

D 

Naphthalene 91-20-3 lnder review D 

PCBS tatal 
1016 
1248 
1254 

101W 7 E-5; 
birth weights 
other aroclors are 
U t X k r  review 

12674-11-2 
12672-294 
11097-69-1 



- 
rnluene 

xylenes total 
Ineta- 
ortho- 
para- 

CAS nmberl 

108-88-3 

108-38-3 
95-47-6 
106-42-3 

Rfc 
inf-tion 

(Wni7 

4 E-1; 
respiratory 
effects 
(degradation 
of Msal 
epithelium) ; 
medium 
confidence. 

2 E-1; T\O effect 
given; medium 
confidence. 

2 Em; for total 
xylenes. 

CarcinocTeni 
city 

classificat 
ion 

D 

N o t e s :  1. CAS number = Qldcal Abstracts Sexvice number 
2. Calculated by the Fhvjromtal Criteria arrd Assesmmt Office, 1993. 
3. E = exponent, Le. 2 E-1 = 2 x 10 -*. 
4. Weight of evidence classification: 

A-HumanQrcinoqen 
B - Fossible Maan Carcinogen 

c - -%le Human Carcinogen 
D - N o t  Classified as To Human Carchgdcity 

82: Sufficient animal evideme, inadequate or negative human evidence 
B1: Sufficient a n h d  evidence, limited h u m  evidence 

E - Evidence O f  NO--* far H.mtans 



1II.B. E3ox>fllre Assessnerrt 

-ty 

centrdl High 
school 

City of East 

In area of 
CDF 

me county 

Chicago 

T h i s  riskassessment focused on the air pathway aptsure routeof residents in 
the vicinity of the proposed CDF represented by students and faculty a t  the 
high school (East Chicago central High school). The exposme was estimated 
u s i n g w o r s t c a s e ~  017s. 

Total %Hispanic ,%caucasian %African tother 
m a t i o n  American 

1,895 53.7 4.6 41.5 0.2 

33,892 47.8 19.1 32.7 0.4 

166,928 17.0 70.7 11.3 1.0 

475,594 9.4 65.6 24.2 0.8 

?he students and faculty a t  the high school located 800 meters (0.5 miles) 
south of the faci l i ty  w e r e  assumxi to be the Illaxirmrm exposed hdividuals 
(MEts) . Far a diagram of the receptor grid, see Section 1I.C. Dispersion 
Modell-. 
was the location of the m s ,  because it can be reasanably assumed to be the 
closest area to the CDF where the public spends any lerrgth of W. 

A map of the area is provided in Attachment 1. The high school 

I Persons of Hispanic origin may be of any race (i.e. Caucasian, African 
American, etc.). 

b InclMes only non-Hispanic Caucasians. 
C Includes only non-Hispanic African Americans. 

Includes N a t i v e  Amricans, Asians and -. d 

t Demographic information obtained from central High school (personal 

1990 census (U.S. Deparhnent of caamnerce, Bureau of census, 1990). 
 cation, March 2, 1994). 

f 

I Area includes: East Chicago, -nd, Highland, ImnSkr, and WhitiIxJ. 
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Lake county d t i e s  are: All of the above includirq Ckdar Lake, 
cram point, wer, ~ary ,  Griffith, Hobart, Lake station, Imell, 
Merrillville, New Chicago, St. John, Schererville, and wider.  

h 

~n order to obtain consewative risk estimates, w o r s t  case w e  
assmptions were used. ?he cansenmtive w o n  w a s  n&e t h a t  the sb&ents 
and teachers would r e  a t  the high school for 30 years, the life-th of 
the CDF, and be expcsed to the volatile emissions and fugitive ttuSt 24 hours a 
day. Because of i t s  proximity, less than half a mile, it was assumed that the 
risks to high school students and faculty are similar to the risks to 
residents in the vicinity of the facility. 

?he w o r s t  case emission scenario (worst case -io or -io 1) for the 
praposed CDF was based on the f o l l a h g  consernti- asflll[p3tioIls: 
obtain a worst  case volatile and fugitive dust emission estimate fm the (IDF, 
the maximnu surface area that Will OC(XII: over the life- of the CDF was used 
to assess emissions frcan the facility over 30 years; 2.) it was assumed that 

higher levels of PCBS in the TSCA cell would remain thesdh?nts 
open for W =W of the CDF, although in-pctice, it wmld 
probably only be apen for less than a year; 3 . )  for the fugitive dust emission 
d e l ,  it was assumed that the texture of the sedhm~ts is equivalent to that 
of the soils in the area. %is is cansenmtive because, in reality, the 
L.4cjjlTLpll+.c. have a clay texture and contan ' greases and oils, wfiereas local 
soils are and are m e  likely to be 
was assumed that a l l  the chrcmium to which the students and faculty w w l d  be 
aqosed via fugitive dust is in the mst toxic farm (Cr +VI); 5.) a value of 
60 was used for the time parameter **t** in the flux equation that r- 
the interval between rain events and managemmt of the sedhmts . 
detailed explanation of the parameter **t** see Section II.B.3 .b. ; and 6.) w a r s t  

1.) to 

. .  

as fugitive dust; 4.) It 

F W a  

case meternological data was used in the dispersion mDdellllsg (section I L C . ) .  
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1II.C. Risk Assessment Methodolow 

o n ~ e  the air concentration a t  a given receptor w a s  mdelled for pollutants 
from the CDF, inhalation risk w a s  ccslrputed. 
w a s  used to  conduct the air concentration modelling, i.e. modelling of air 
com=entratians a t  specific receptors in the vicinity of the pmposed CDF. 
a detailed discussim of the modelling, see Section 1I.C. 
calculations are based on the asamption that emissions levels froan the 
proposed CDF can be averaged over a 30-year period t o  result in the annual 
average concentration a t  the receptor obtained frcan the dispersion -. 
Table 10 shows the risk factors that w e r e  used i n  the risk CdLCulations. 

U.S.EPA's IscI_IT;! dispersion mdel 

 or 
The risk 

III .C.1,  carcinoaens 

For carcinogenic canpun% emitted to the a i r  from the proposed CDF, the risk 
of inhaling these ccqmmis was ccanputed by multiplyirq the air -tian 
of the a t  the receptor by the cancer un i t  risk factor (see Table 10 
for cancer unit risk factors). me cam=er unit risk is equivalent to the 
excess cancer risk (over backgraund levels) froan continuous t o  a 
chemicdl for an entire lifetime (assUmea t o  be 70 years). 
cancer unit risks were adjustea to reflect the l i f e t i m e  of the CDF, whi& is 
a 30-year exposure time, i.e. the cancer unit  risk was multiplied by a factclr 
of 30/70. There are 
risk t o  another exposure duration, because - unit risk factors are 
derived for lifetime exposwe, ard are not necessarily applicable to less than 
lifetime exposure. 

In this study, tkLe 

'es associated w i t h  adjusting the caryw~ unit  

'Ihe cancer unit risks used for various PAHs reflected the relative potencies 
of these coqour&, using relative potency factors r e l y  developed 
(U.S.EPA, July 1993), w i t h  Eenzo(a)pyrene (BAP) being the mDst toxic. Dms, 
BAp is a refer- cmpourd by w h i c h  the toxicitis of other PAHs is scaled. 
T h e  spcific cancer potencies of only a few polycyclic ammatic h y h x a b n s  
(PAHS) &known. 

111. C. 2. N o n - c a r c ~ e n s  

For non-inogens, the level of risk due to inhalation of a pollutant is 

monitored air -tion to the Reference --tion (Rfc). ?he Rfc is 
an &te of the daily inhalation exposure level to the human palxllatian, 

risk of deleterious effects during a lifetime (70 years). T h e  HQS in this 
study are overestimates, because it w a s  -the receptors are -to 
the modelled concentration for 70 years. 

indicateabytheHazard~otient (HQ). r n H Q i s t h e r a t i O O f  themcddledar  

includitq sensitive sukppuhtians, that is likely to be w i t h c p r t  appmzmb ' l e  

If the air concentration is below the Rfc, i.e. the rat io  of air  -tion 
to RfC is less than 1.0, then the levels the receptors are expsed t o  are a t  
or below levels detemined to be safe over a lifetime of exposme. ~ a t i o s  
above 1.0 represent a potential risk, but it is not possible to state 
explicitly a t  what ratio that potential becames an actuality. the 
becclanes larger than 1.0, the probability that an actverse health effect &d 
occulf increases. 
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'able 10: Risk Factor Data 

saurce 
of 

data 

I 
~ 

4.3 x lo3 lRISb 

8.3 x 10" 1 IRIS 

2.1 x lo4 1.0 

2.1 x ioJ,= 0.1 

2.1 x lo"/ 0.01 

1.2 x lo2 
2.1 x 0 . 001 

Benzo (b) f lumanthene 

Benzo (k) f luararrthene 

2.1 x lod," + Dibenzo(a,h)- 
anthracene 

1.0 
I 

I Fluorene 

4.2 + x 106 
Fluoranthene 

Naphthalene IRIS 

oHEAd 2.2 x 1 ~ 3  Polychlorinated 
Bipheny l s  I 0.40 

' Saurce: Mao-cIN-842, March 1993 
IRIS: IntegratedRiskInfonuationsystem 
zb.litriskbasedonardlstudies. 
OHEI: ofrice of Hedlth ani Assessment 
calculated by multiplying the unit for BAP by the RFP, e.g. chrysene unit 

risk = (0.001) x (2.1 x 10') = 2.1 x io5. 
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1 I I . D .  Results 

section disc=usses the results of the ccarrparative air taxies 1oadi .1~~ 
frcanthepmposed CDF and from reported loadings, the results of 

the ccmparative loadirrgs asesmmt of the sedhent dredgirq project ( % c t i o n 1 8  

alternative) versus not comcting the sedjmmt dredging project (IWo M o n l I  

alternative), and the risk assessment results from expare  to carcinogenic 
and non-txccinogdc emissions frum the CDF. 

I I I . D . l .  LcMdinas Estimation 

1II.D.l.a. Comar ison of CDF Luadims to Other Air "oxks Lroadkms 

The loadings of pollutants to the a m e r e  frm the proposed CDF were 
CCBnpared w i t h  reported air toxics loadings i n  the Toxic Release Irnrentory 
(m) frow Lake and Porter CounQ and southeast Chicago and w i t h  air toxics 

(U.S.EpA, July 1987) and the !3utke& Chicago Stucty (U.S.EpA, A p r i l  1993). 
These ccanparisons w e r e  made to obtain an 
magnitude of a h  toxicS loadings from the pmpsed CDF versus other sources 
the area. 

loadings reported in  the a i s s i o n  inventcny of the Southeast Chicago study 

' of the relative 

Hawever, no attempt was made in this study to d r a w  canclusians 
in 

abcozt the reasons for the okkrved differ- betwe& CDF loadings atd &her 
reported loadings. 

loadings reflect the relative cOntribcztion of large Wiustr idlsourcesto 
the abnoq$mAc levels of pollutants. 
fugitive dust emissions. 
processes, unless the cc~npany is h l v e d  in a d a t i o n  on their property. 
Table 11 shclws that the loadings of metals andVOCs from the pmposed CDF are 
small compared to  r re parted emissions. -ions reported t o  are best 
estimates of the reporting emissions source and do not represmt actual 
emissions. 
ccnrrpourds i n  an area. 
necessarily mean that the actual emissions are zero. 
used for CcBnpariSon purpxes only. 

lhey do not, hawever, take into accumt 
All estimates of loadings caane fran manufacturixq 

W emissions estimates represent only laryer sources of these 

These &ta should be 
merefore, a reported loading of zero may not 

Tables 12 and 13 shw loadings inventoried in the Southeast and southwest 
Chicago study. 
and reflect air emissions in the area mre accurately. 
to include a l l  same types that e m i t  air  toxics, whereas TRI includes anly 
facil i t ies that u t i l i ze  over 10,000 Ibs of a toxic chemical per year. 

inventories, it can be sem that the latter estimates are higher. 

Data fm these studies are mre comprehensive than "€tI data 
The studies atteuptd 

pw=ing"€tI- t e a l O a d i n g s t o l o a d i n g s e s t i m a ~ ~ t h e a i r ~ c s  

The emissions invent0 ries in the a i r  t o x i s  studies are h d c a  dawn by various 
categories. steel mil l s  were put in a separate category. 
I d u s t r i a l  Scurces/Pointdl included emissions from irdustry in the area, whi& 
includes manufacturing, refineries and foundries amw others. 
facil i t ies these emissions were obtained fm questionmires asking facil i t ies 
t o  estimate their own emissions, which were then evaluated by U.S. EPA as to 
their plausibility. For ather identified facil i t ies a species fraction method 
and an emission factor methcd w e r e  used to calculate emissions. ?he lloanslrmer 

category includes barge loading, gasoline market-, dry cl- and 

W category Wther 

From sane 
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fluface coating. 
category, includes highway vehicles, ard does not include off-road mtors, 
such as lawn mwers, b a t s  and planes. The 'Waste Facilities1* category 
includes dcipal solid waste laxlfills, Maned hazardous waste sites, 
hazardous waste treamt starage ard disposal facilities (TSDFs), Resoum? 
conservation and Recmtxy Act (RCRA) hazardous waste sites, and PCB and 
municipal waste incineration. 
nation's five pcB incheratars are located in sautheast Chicago. 
emissions f m  teapmry storage at the pcB incinerator were considered to be 
negligible and were laot calculated. Wastewater t rdzumt plants (WI!Ps) rn 
considered separately f m  the other sources. .mis is because the methods are 
M W Y  - ' for assessing the extent to which volatilization rather than 
biodegradation or transference int0 sludge and far assessing losses within the 
sewersandatirdustr ial pretreamt facilities. 

The '%bile Sources1' category, or llRoadway Vehicledl 

One municipal mste incineratar and one of the 
PCl3 

~n general, emission estimations based on the apprbaches described above 
contain a large degree of uncertahw, so that it is not possible to &tennine 
if these loadings accurately reflect actual 1uadhq-s. 
it appears that the CDF loadings are small in CcBnpariSon to the loadings 
reported in bath the southeast and sauthwest studies; 

The exceptions are Naphthalene and pcB emissions. 
Unaertainties inherent in the CDF ard air toxics emissions estimations, the 
differ- between these nmb=rs may or may not be significant. 
Naphthalene the esthaW emissions from the CDF are roughly equal to all 
emissions reported in Table 11. 
the CDF would be a major smrce of Naphthalene in the area. 
loadings estimate for Naphthalene may be due to the very consenmtive 
emissions asampti- made in this report, but may also be a result of .the 
limitations in the TRI reporturg * system, which probably does nat reflect 
actual emissions very accurately. 
andthe!t!RIreprtedloadingsdifferbyaboutafactarof 3, lessthanan 
order of magni-. Such a difference may not be significant, especially 
considering that the results were derived from different emissions estimation 
methods. 

Fram Tables 12 and 13 

Given the larye 

For 

RLis result d d  lead to the conclusion that 
Hcrwever, the high 

For FCEk the estbate made in this study 

It should be noted again that the CDF loadings estimate is based on 
conservative, worst case assuqtions, in order to maximize the estimates and 
to obtain a worst case health risk estimate. On the other hanl, the purpose 
of the air toxics emissions inventories was to obtain emissions estimates that 
reflect actual conditions as closely as possible. Given the difference 
betweenthegoalofthis~andthatoftheairtoxi~shrdies,theP(313 
loadings estimations do not appear appreciably different. 
loadings estimate is an overestimate of actual expect& loadings of PCBs based 
on several worst case assmptions. 

Again, the CDF 
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Table 11: 
1991) 

CtanparisOn of CDF loadings to TRI-reported loadings* (Saurce: nu 

sediment 
contaminant 

4,381 

500 

60,748 

6,380 

3 , 988 
0.4 

3.8 

487 , 025 
73 , 950 
72 , 569 
587,349 

893 , 046 
0 

326 

TRI-reported 
point 
emissions 
(==/Yr) 

843 , 210 
43 , 156 
19 , 392 
1,417 , 352 
605,537 

5 

255 

Blative 
size of CDF 
emissions 
ccarrparedto 
to ta l  TRI- 
reported 
emissions 
(%I 
0.2 

0.2 

14.0 

0.2 

0.1 

15.0 

0.01 

N u t e : ~ i o n s r e p a r t e d t o ~ a r e b e s t e s t i x ~ a t e s o f . t h e ~  SaLtrCe.  me mpartedmetals loadings do not take fugitive dust emissions into aaxunt. 
A reported loa- of zero, does not necessarily mean that the actual 
emissicins are zero. 
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Table 12: OcaapariSOn of estimated CDF emissions with loadings obtained in the Southeast Chicago A i r  
Follution study (U.S.EPA, A q w t  1989) 

4,381 

3 , 988 
6,380 

19.9 

6 , 088 , 400 
994 , 800 
325 , 400 
- 

other 
IMustrial 
!suru?s 
(lwyr) 
110 , 400 
4 , 901,200 
1,920,800 

0.4 

74,200 

675,400 

128 , 600 - 

1,625,600 

4 , 569,000 
3 , 532 , 400 
- 

waste 
Facilities 
(IJWF) 

24 , 000 
74 , 200 
22,000 

5.3 

1,400 

13 , 800 
31,400 
- 



Table 13: Ccarrparison of estkted CDF emissions with loadings obtamed ’ i n t h e  
chicas0 A i r  Pollution Stuttv (U.S.EPA. Ami1 1993) 

RCRA hazardous waste 
sites 1 

coc 

Benzene 4,381 

P- 

Aircraft engines 
Barge loading 
Gasoline nrarketh 

m c i p a l  Solid Waste 
Lardfills 
Nonroad mqineS 

~ 

other hazardous waste 
TSDFd 

R a d b  hazardou!3 waste 
sites 

Road Vehicles 

steel Mills 

Surface Coatinu 

W c i p a l  Solid Waste 
Landfills 

other hazardous waste 
TSDFs 

O t h e r  Industrial Points 

* TSDF = TYeatmmt Storage and D k p s a l  Facility 

RCRA = ~esource canservation and ~ e c o v e r y ~ c t  

17 , 997 
5,810 

120,520 

1,662 

390,520 

26,560 

253,400 

0.016 

2,754,000 

6,712,000 

16,960 

1.600 

2.304 

0.35 

1.178 
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1II.D.l.b. Ccammr ison of Action vs. No Action Ir>adinss 

The following assumptions were made in this loadings axparison: 1.) in both 
scenarios, it is assumed that the sedimnts in the M C  w i l l  be cavered w i t h  
sediments that settle out i n  the -1 from runoff and that have the same 
con tamimnt concentration as the in-place sediments; 2.) theexposedsediment 
surface area of the pmposed CDF is 104 acres, the ECI site surface arm is 
130 acres and the IHC surface area is 390 acres; and 3 . )  t o  obtain 
consesMtive fugitive dust estimates, it was assumed that the CDF sedhmts 
radn devoid of vegetation and that 50 per cent of the ECI site is wvered 
w i t h  vegetation. 

Table 14 shows the relative loadings of air toxics fram the sedkmts i f n o  

ts for whi& there was data far the IHC, ECI only the loadings of contarmnan 
dredging occurs Goarrpared to if dredging would occur. ' 

and CDF w e r e  included. 
locale, see Section 1I.B. Ehissions CXculatiians. 

For CcBllpariSon pmpcses, 

ion on the emissions assmptions for each For a disc=uss 

Ifnodredgingcccurs, t h e E K T I : s i t e w i l l r ~ i n u n c o v e r e d b y t h e ~ ~ F a n d t h e  
sedimerrts remain in the harbor and canal. VOCS WCIuld volatilize and fugitive - 
particles would be emitted froan the h-bn-mited E t  site. 
volatilization of VOCs ard svocS wmld occur fram the surface of the IHC as 
they desorb from the a t s  and diffuse through the water column. 

saslre 

Dredgixq would apse  the sediments t o  the a i r  and all- volatilization of a i r  
toxks to occur. The  amstmction of the CDF on the ECI site would eliminate 
volatile and particulate emissions fraan the soil on the site by acting as a 
@@cap@@ of emissions from contaminants underneath the CDF. 
removal of sedimnts from the IHC w i l l  probably result in an overall increase 
of air  emissions of VOCS and svocS fm the sediments as they are exposed t o  
the ai r  over the CCXXZS~ of the dredging project. W results show that urrtil 
the CDF is capped a t  the end of the project, the @@Action1@ scenario has greater 
loadings per year of air  toxics than the @!No A c t i o n I t  scenario. 

It appears that 

Because of the uM=eTt21lI1 ' ty of the data, it not possible t o  accurately 
deternune ' the actual loadings and thus this study cannot determine if the 
ttActionl@ and @!No Action@@ loadings are significantly different. lhese results 
are preliminary estimates and should be used w i t h  caution and for caprative 
purposes only. 
assume that over the life of the project the sedim=nt concentration of 
contaminants w i l l  remain a t  their init ial  high level. !this w i l l  most likely 
not kethe case, because as new sediment enters the caml via runoff, 
cancentrations of dredged sedimmt shcruld beccane lcrwer. ?his is because it is 
expecbd that  envjronmental regulations w i l l  improve cadimpllt concentration 
over the life of the project. 

Also, the calculations are m a y  consemative because they 
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W l e  14: CcanparisOn of Icadhgs from Action vs. N o  Action Scenarios (in 
-/w) 

Note:  C o n t r ~ o n  to FCB loading by emission paulway 
~ 1 %  Dasparticulatematter 
84% volatile FCB fram n o n w  sediment 
16% volatile FCB from TSCA sedhmt 

?he loadings for a l l  other ampcur& are via volatilization only. 
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III.D.2. Assessment of Cancer f i sk  

Asdiscussed previously, due to the l i m i t e d  availability of health data far 
the carcinogenS detected in the sediments, only those CC&LIPCXU1CIS with exiSting 
cancer u n i t  risk factors w e r e  included in the cancer risk assessnent. 
cancer risk assessment results are presented in Table 15 mar. ?his table 
cc~npares the worst case 30-year ca~#=er risk a t  the high school due to 
inhalation of modelled air  concentrations of contarmnan ' t S f m t h e C D F t o t h e  
30-year cancer risk due to report& monitored commtratians in the scortheast 
Chicago study (U.S.EPA, Septmbtx 1989. The air toxics ncmhrhq data is 
fram monitoring stations in southeast Chicago, an area of Chicago whi& is 
located to the northwest of the CDF location. 
the Chicago study were considered to be representative of current 
concentrations of 
emissions from sources in the area, and thus the associated risk represents 
the average cancer risk to  resid=- in the area without the praposed CDF as a 
s o ~ r c e  of a i r  toxics. 
in AttachlDeIlt 8.  

?he 

?he m o n i t o r d  concentrations in 

toxics in the Northwest IndiaM area due to co- 

A fllmtllary Of the sources of m0ni-M data is located 

The last  column in Table 15 is the 
exposure fram the modelled a i r  concentrations from emissions froan the pmposed 
CDF and the 30-year cancer risk due to expsure to mnitored cancentratians. 
Ihe total -risk dueto expsure to CDF emissions frcan the CDF a t  the 
high school is estimated t o  be 2.3 x 10'. ?he total cancer risk due to 
-e to nonitor& concentrations of these air toxics in  the area for 30- 
years, excluding CDF emissions, is estimated to  be 3.1 x lo4. Ihe sum of 
these two risk rnrmbers is the total 30-year cancer risk due to exposme to 
exiSthg concentratim of toxicS, as w e l l  as tmksians froen the CDF. In 
ccanparison to the risk posed by ambient concentrations of these po~utarr ts  in 
the area, the risk pc6edby the CDF is less. 

of the 30-year cancer risk due to 

a t  the contrihtion of individual contaminants to the total risk due 
to the CDF emissions, B?P contrikutes the grmtest percentage of the total 
risk. w, it is noted t ha t  the FCB risk estimate is consewative, since it is assumed that 
PCBs in the TSCA cmpuAmmt volatilize for 30 years, wfien actually the TSCA 
ccanparhnent w i l l  be open for only about 4 months. M e r ,  the risk due to 
chrcrmium is an overestimate, since it was assumed that  a l l  the &rm.im 
d t t e d  frum the CDF is in the mst carci.tqenic form (hexavalent chroanium) . 
?he sam assumption was made i n  calculating the risk due to chrcpnium 
col..lcentyations in the area. chrcanium cmtrilxtes the lIlost to the risk due to 
monitored C Q I l c e n t r a t i O n s .  

FCBS and chromim (m) also contritxzte a large amunt. 

Table 16 capares the results of the 30 year cancer risk analysis for a l l  
three scmarios: warst Case, Average case, and Least case. ?he assmptions of 
these scenarios were described in Table 3 of Section II.B.3.b. ?he basic 
difference between them is the surface area of the CDF. The W o r s t  Case has 
the largest and the Least Case has the smallest surface area. In Table 16, 
the 3O-y- total - risk a t  two receptors is sham: 1.) the high school; 
and 2.) the receptor where the maxirmrm modelled concentration occurred (a 
point northeast of the CDF a t  400 m for the worst and average case scenaricxs, 
and a point 400 m southeast of the CDF a t  the high schml fenceline for the 
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least case scenario). ?he risks far al l  SceMlriOs are less than a tatal 
risk due to existing air quality reported in Table E (3.1 x 10 ‘1. 

Since a l l  the assumptions 
the level of risk at the high school is an 
posed by emissions from the CDF. 

in the worst case -io m amservative, 
te of the actual risk 
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%le 15: Risk Assessment Results far CarcinoaenS 

1.7 x 10' 

2.0 x 10" 

3.5 x lo4 

1.2 x 10' 

1.6 x 10" 

6.3 x 10-7 

2.2 x 10' 

4.7 x 10-7 

6.5 x 10' 

3.0 x 10-7 

1.8 x 10' 

3.5 x 10' 

2.9 x 10' 

1.6 x lo4 

1.5 x 10-7 

3.2 x 109 

7.5 x 108 

3.1 x 109 

1.1 x 10'1 

1.5 x 10' 

5.7 x 10'1 

2.0 x 10'1 

4.3 x l o a  

5.8 x lou  

6.3 x lou  

9.4 x 104 

3.1 x 10'l 

5.2 x 10-7 

1.5 x 10-7 

1.5 x lo* 
2.3 x 10' 

1.8 x 10' 

3.7 x 104 

1.5 x 10' 

2.6 x lo4 

2.0 x 10' 

3.1  x lo4 

4.0 x 10' 

3.7 x 104 

3.2 x lo6 

2.6 x lo4 

2.0 x 10' 

3.1 x lo4 
* &Welled anbient air concenttations (due to CDF emissions) fran dispersion mdelling i n  

mnitoreci ambient air Concentratims reported in the sartheast chicago Air ~corics studies. 
See Attachllent 8 

this study. 

For this study the average of the reported nrmitOring data was calculated. 
for a amnary of the sources of &toring data. 
@ity in the area of the CDF. 

particulate mtter (PM) that d d  escape the facility via wind-barne fugitive dust. 
Therefare, for the PAHa and PCBS all the risk calculations talre both ~ p o r  phase 
conoentratian and solid phase concerrtratian in airfxrrne particulate m- into acmunt. 

part-- Themetala are a s d  to be located entirely in the solid phase of - 
mtter. 
in reality only a fraction of chmnilnn Fs in this atate. 

mis data was a s d  to reIpesent aFt 

swuca andmetals sorb to sediment particulate8 and canbe enittad frcmthe facility via 

It wae a s d  that all the chranilnn is in its m a t  carcinogenic farm, cP, WhFle 

The contribution of the Tsmp(gs and the Mn4smpcBe to the ambient air concentatione 
added to obtain a total risk nunher. 
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* No data aMilable in sartheast study. 

TutalpcBs. 

worst case 
Imation 

Table 16: of Risk Scenarios f r o m  Mcdelled A i r  -ti- in 
*study 

Medium Irrw 

Average- -Case 

A t  High school 

A t  Point of 
l4aximm Modelled 
Annual Average 
mncentration 

2.3 x 10" 9.3 x i o 5  0.3 x io3  
3.6 x 10" 3.0 x 10" 2.6 x 10" 

a ?he maxiztlcrm modelled annual average a i r  concentration was lccated 
of the CDF at coordma tes (400, l242.56), a point 400 m norU~ of the CDF ard 
-tely 700 m east of the M=ortheast ~arner of the CDF. 

maximmu -led annual average air comentmtion was located south of 
the CDF at axrdma tes (-400, 100) , a point 400 m directly south of the alF 
100 m eaSt of the south west conaer of the CDF. 

41 



I I I . D . 3 .  Assessment of Non-cancler Risk 

COntamlMn ’ t 

Ethylbenzene 
TOlUene 

RfCs for twP ampomds emitted by the CDFwere h a m ,  and themwas 
calculated based on the modelled concentratim of these CantarmMn ‘ t s a t t h e  
high school receptor. 
are based on the modelled ambient concentrations are significantly below 1.0, 
indicating the levels of expcsure are below levels deteMnined t o  be w i t h o u t  
appreciable risk of deleteriaus effects over a lifetime of exposure (70 
years). It should be r e e d  that HQs w e r e  developed to  indicate 70-year 
exposure risks. 
exposure and wasn’t a- i n  this study. Also, the assumptions made in 
this risk assessment were conservative. 

Table 17 below presents the results. A l l  the HQS whicfi 

It is difficult t o  adjust them for less than lifetime 

Modelled HQ for 
a n c .  a t  modelled 
highschool COIIC. 

(ug/m3) 

2.4 x 2.4 x 10“ 
1.9 x 10” 4.8 x 10” 

For canparisan, the HQ was calculated for d t o r e d  -tion of toluem 
reported in the 
is likely that there is no appreciable risk of non-cancer effects due to 
exposme to this concentration. 

study. ?he HQ is also below 1.0, indicat iq  that it 

Table 17: Risk Assessnent F&sults for N o n - c a r C ~ e n S  

10.23 12.5 x 10‘ 

a Monitored ambient air concentrations mported in the scprtheast chicago Air 
T b & s  studies. 
was calated.  

For this Stutty the average of the reparted d t o r i r q  data 

~ t a  not available. 
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1II.E. Uncertainties 

Since scientific uncertainty is unavoidable for any risk assessnrent, several 
types of uncertainties must be nated while interpreting the risk 
results concluded in this study. They are described as follows: 

a. The - u n i t  risk factors used in this study reflect the best 
judgemnts of U.S.EPA scientists in evaluating available evidence both 
as to the interpretation of specific studies and as to the procettures 
tha t  mst reliable extrapolate cancer unit risk factors fram these 
studies. mcertan ties in the cancer unit risk fa- arise fm the 
significant extrapolations filch as from high concentratians to lcmr 

to  estimate risk factors. A detailed discuss ion of the uncertaurti es 
that occur in develop- cancer unit risk factors is given i n  the 
U.S.EPA Risk Assessnent Guidelines (U.S.EPA, August 1987). 

caEentratiOns and fm 1-w animals t o h u n r a n s t h a t a r e w  

b. The risk analysis assumed a 30-year w e  time correspnduq t o t h e  
1ifeoftheproposedCDF. Thecancerunitriskfactorsusedinthis 
study w t x e  derived for a l i f e t h  expcsme, and are not necessarily 
applicable t o  less than lifetime exposure. 
m e ~ o l c g y  assumes that the papulation is continuously exposed to the 
outdoor modelled amentration. 
actual scenario h u m  activity in the area. 

Ime modelled air concentsations are estimates based on an accepted 

minimize model mcertan ties, local meteorological data was used. 
Hawever, the concenbtions obtained frat  the model s h a d  be used w i t h  
caution. They provide a best estimate of lMximum average anmal 
cancentrations. 

In addition, the exposme 

?his assmption does not reflect the 

c. . .  -ion model. D i s p e r s i o n  mcdelling has some es. To 

d. Inconclusive sampling data infarmation far the ECI site adds Uncertainty 
t o t h e ~ t i o n e s t i m a t e s .  ThecontarmM tion a t  the site has not 
been fully characterized. 

e. ?here has nut keen any definitive research mnpleted on the effects of 
the wetting/drying cycle on volatile emissions from SediEntS. 

engineering judgement. 

me 
made in this study were based on best estimates ani 
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V. Glossarv 

PJPbient air: 
It is that portion of the a m e r e ,  external to hildirrgs, to which the 
general public has access (40 CFR Part 5 0 ) .  
interpreted to mean the air outside f d  private praperty limits which 
can be inhaled by the public. 

definition has been 

BAP: Benzo(a)pyrene 

Carcinogen: 
A chemical that is capable of increasing the risk of cancer. 
mcimgenicity is the ability of a chpmical to hcrease the risk of 
- 0  

Similarly, 

E4?=u== 
Omtact of an organiSm (human or animal) with a chemical agent. 
is quantified as the a m m t  of the chemical aming into contact w i t h  the 
outer bcmdary of the bcdy (ure outer 3xnmdaq of the hcdy is the skin, the 
lrrxrth and the nostrils). 

Eqnsure 

EPA 
the folloWing definition: Bposure to a chemical is the Cantact of that 
chemical w i t h  the external side of the barndary separating the %AAde of 
the 

Assessnent Guidelines (57 FR 22888 - 22938, 29 May, 1992) make 

f m  the "inside of the body". 

mposure Assessment: 
2he c a p o n a t  of risk A that involves de- arestimtiq 
the magni.tude, frequency, duration and raute of exposum to a chemical in 
the- . %e exposure asesmmt wnsiders the mture and size of 
t h e ~ ~ t i Q n a n d c a n f ~ o n p a s t , a r r r e n t o r f u t u r e ~ .  

Exposure Pathway: 
Ihe physical cou~se a chemical in the erwirorment takes fraan its saurce to 
the pint of human -e. 

Henry's constant (H) : 
It is an equilkium partition coefficient for a Meal between the a i r  
an3 water phase. It applies for dilute solutions of chemicals in a i r  and 
water. 

Hazard wtient (Q): 
the ratio of the air concentration of a a q o u r d  to the RfC (see 
definition). 
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Individual Risk: 
% probability that a theoretical individual person will experience an 
adverse effect. M c s t  often used in relation to cancer risk. 

Industrial source -lex Long Term version 2 (IscfrT2) : 
U.S. EA-approved dispersion model for airborne 

Kilogram (MI: 
one thousaml granr;. one kilogmn is equivalent to 2.2 pa\mds. 

Immst observed adverse effect level (ILIAEL): 
% lcrwest cmcmtratim of a material used in a -city test that has a 
statistidly significant adverse effect on the aqcsed population of test 
organisras as CCBnpared with the a2ntrols. 

Meters (m): 
one-- of a kilometer. One meter is the equivalat of 3.3 feet. 

One-millionth of one gram (1 pg = 3.5 x 10' oz. = 0.000000035 oz . ) .  also 
equivalent to one-- of one milligram. 

One-- of one gram (1 mg = 3.5 x 10' 02. = 0.000035). 

Microgram (Pa: 

Milligrmn (a: 
Also 

equivalent to one thousandmi-. 

rJ0 absenred m e  effect level (-): 
Ihe highest conaerrtration of a material in a toxicity test that has no 
statistically significant adverse effect on the expcsed population of test 
organisllls as conpared with the controls. 

particulate matter: 
dust or fugitive dust; airkcme soil ach scapes a site by beirrg blown 
away by the wind. 
all the dust particles have a diameter of lopm or less. particles of this 
s ize  or less can rea& the lungs via inhalation and enter into the 
body in that manna. 

Typically, for most risk assessnents, it is assumed that 

FCB: polychlarinatea biphayls. 

mlative potency Fac?tor (RPF) : 
a factor used to scale the toxicities of polycyclic aroBaatic hydmmkms 
relative to a reference ccanpaund. 

RfC (Reference --tion): 
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NOTE: ONLY THE TWO SOUTH LOBES WOULD SE USED I N  
ALTERNATIVE 1 - PARTIAL FEDERAL CHANNEL 
OREDGING: THE NORTH LOBE WOULD NOT BE 4 

400 200 0 400 - 
SCALE IN FEET 

I CONSTRUCTED. THE NORTH LOBE PRCPERTY WOULD 
BE CAPPED WITH CLAY TO COWLETE RCRA CLOSURE. 
ALL THREE LOBES WOULD BE USED IN 
ALTERNATIVE 2 - COWLETE FEDERAL CHANNEL 

N 
I 

DREDGING AND ALTERNATlVE 3 - CGWERATIVE 
DREDGING PROGRAK 

?igure 1: Prcpsed CDF Design (Source: U.S.AcE 

INDIANA HARBOR 
CONFINED DISPOSAL FACILITY 

ECI SITE 
RCRA CLOSUREICORRECTIVE ACTION 

WITH COF PROJECT 
PLAN VIEW 

CHICAGO DISTRICT 
US ARMY CORPS OF ENGINEERS 

JUNE 1993 
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Figure 2: Area sourCeS ard coordinates for the CDF in Scenario 1 

Source8 Source9 L 
Area Source 5 

N 

.24 m 

Area Source 3 

253.267 4.57 

270.088 4.57 

1 1 ( 0, 554.482) 
2 (253.267.554.482) 253.267 4.57 
3 (277.448,269.828) 270.088 4.57 

828jiii&rm'i 269.828 

'1 2?230'' 
142184 4.57 

(142184,397.058) 142184 4.57 
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Figure 3: Area Sources ard coordinates for the CDF in Scenarios 2 and 3 

Scenario Area Source (Xi,Yi) (m) di (m) ReleaseHeight(m) 

2 

3 

(0.534.594) 237.403 
(237.403.534.5941 237.403 

259.677 
(0.259.6TT) 259.677 

(0,506.306) 221.291 
(221.291,506.306) 221.291 
(253.153.245.533) 249.083 
(253.153.0) 249.083 
(0.0) 245.533 
(0.245.533) 245.533 

9.14 
9.14 
9.14 
9.14 
9.14 
9.14 

9.14 
9.14 
9.14 
9.1 4 
9.14 

'9.14 
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INHVC,.WKl 

INDIANA HARBOR EIS 1992 DATA (PAHS, VOLATILES, METALS) [in ppml 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
B(a)anthracene 
Chrysene 

~ B(b)fluoranthene 
B(k)fluoranthene 
B(a)pyrene 
l(123)pyrene 
Dib(ah)anthracene 
B(ghi)perylene 

-- 

6.5 
4.4 
14 

40 
35 
18 
21 
17 
15 
18 

12 

TOTAL PAHs 200.9 

VOLATILE ORGANIC COMPOUNDS 

Benzene 
Toluene 
Ethylbenzene 
Xylenes (total) 

.................................. 

METALS 
Arsenic 
Chromium 

65.9 
647 

25 
23 
53 

7.2 
28 
38 
16 
27 
16 

4.9 
11 

6.6 

255.7 

5.8 
1.2 
2.2 

29.5 

49.8 
1190 

69 
1100 

60 
140 
400 
170 
400 

72 
32 

150 

2593 

0.63 
0.55 
0.68 
3.3 

4.7 
40 

5.4 
30 
36 
17 
29 
15 

9.2 
14 

9.8 

210.1 

66.4 
636 

14 
9.9 

11 19 
6.3 

22 38 
30 46 
13 19 
19 24 
11 17 

6.8 11 
11 17 

11 

123.8 232.2 

0.82 

0.23 

54.5 39.2 
1200 1130 

160 
6.4 
21 
23 
78 
25 
93 
89 
55 
56 
40 
36 
49 
34 

20 

793.4 

0.63 
0.41 
0.75 

3.2 

57.2 
968 

5.8 

8.1 

16 
19 
11 
12 
9 

8.6 
11 

6.5 

107 

5.5 

13 
13 

6.4 
8.3 
6.4 
3.3 
5.3 

61.2 

0.55 

29.9 52.2 
347 324 



INHVOC.WK1 

INDIANA HARBOR EIS 1 
Note: Napth is avg 
of D10 and S10 

PAH #10 #11 #12 #13 #14 avg. conc. 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
h/rene 
B(a)anthracene 
Chrysene 
B(b)fluoranthene 
B(k)fluoranthene 
B(a)pyrene 
l(123)pyrene 
Dib(ah1anthracene 
B(ghi) perylene 

TOTAL PAHs 

VOLATILE ORGANIC CO 

Benzene 
Toluene 
Ethylbenzene 
Xylenes (total) 

METALS 
Arsenic 
Chromium 

I 
f 

3650 
630 

380 
970 
310 
650 
500 
230 
190 

751 0 

28 
55 

3.4 
77 

96.1 
540 

70 
7 

8.1 
12 
32 
10 
26 
23 
10 
11 
11 

3.2 
7.9 

231.2 

1.1 
0.46 

4 

117 
664 

18 

3.9 
7.7 
20 

5.8 
23 
22 

9.7 
12 

7.4 

6.5 

136 

0.49 
0.21 
0.86 

99.2 
598 

17 

5.8 
8.2 
27 

8.7 
28 
28 
12 
14 

7.7 
4.9 
7.6 

168.9 

0.23 

89.9 
506 

2.9 
2.8 
8.7 

0 
21 
23 
11 
13 
9 

5.1 
8.4 

5.4 

11 0.3 

58 
423 

653.47 
21 4.47 

10.90 
49.52 

170.45 
43.84 
83.43 
93.00 
42.72 
59.74 
18.35 
1 1.67 
24.36 
34.00 

11.33 

909.55 
1 

7.18 
8.43 
1.28 

14.83 

67.33 
705.62 
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En viro nm ental 
Effects of Dredging % ! -  -G&' 

Technical Notes 

f f  L-d 1 2 '  

PCB Volatilization from Dredged Material, 
Indiana Harbor, Indiana 

Purpose 

This note summarizes the theory and applimtion of a model to ptedict the m a s  
loss of poiychionnated biphenyls (PCBs) from dredged m a W  through volatlli- 
zation. A comparison to other contaminant pathways is presented for both in-lake 
and upland d i s p d .  

Bac kgro &d 

Contaminated sediments placed in a confined disposal facility (CDD provide 
the potenaal for volatile orgaxuc chemicals (VOCs) to k released through volatdi- 
zation. Theordid models have ben developed to desuibe the physical and 
chemical processes involved in transferring the VOC from the solid or liquid 
phase to the air (Thibodeaw 1989). To date, KB have Ika\ the VCC of concern; 
however, the theory presented is applicable to 0th VOCS induding poiycydic 
aromatic hydrocarbons (PAHd. The documentation provided is not sufficient to 
fully understand the development of the modeis d & M  in this note The user 
should refer to the o r i w  repom, for complete understanding of model develop 
ment and lirmtatioru. 

Additional Information 

The author of this Technical Note was Mr. Jay A. Sanmler, US Army Engineer 
District. Chiago, (312) 353-6528. For add i t iod  information, contact Dr. James M. 
Brannon, (601) 634-3225, Mr. Tommy E. My-, (601) 63413939, or the manager of 
the Environmental Effects of Dredging Rogranu (EEDP), Dr. Robert M. Engier. 
(601) 6343624. 

US Army Enginow Witorways Ex~or imont  Station 
3909 Halls forry Road, V~ckSbufg, MS 39180-6199 



Lntroduction 

n e  rncdei ?resented in this note prowdes an estimdte of the mas of p i v -  
G-Lonr~ted biphenyis (PCBs) lost from an in-lake and an upland c o m d  d& 
?os1 i a d t y  (an. K B  was the only compound considerd due to its r e p -  
iatow slkuficance and to s i m p 4  development of the models. It b anoapated 
that other semi-volatile and volahle compounds such as polycyclic aromatic 
hvdrocarbons (PAHs) wlI be modeled in the future for sediments mntarmnated 
Wlth these substances. 

Chemrcal equrlibrium prinapla are used in this note to detemine the transfer 
of the voiatlle organic chemicals (VOCS) M e e n  various phases. In the case of 
VOCS assodated with sediment, three phases of mtfa a involved. These are 
the solid partides which constitute the sediment and indude both orgaruc matter 
and mineral matter compnung the partxb Thc two otha prinrarV p b  in- 
clude air and water. With f c s p ~  to dndgirrg, V C O  can cnhr the air from either 
the water or sediment surfaces For volatilization ki occut fmn the warn surface, 
the V O C  must first desorb from the suspardcd solids phase and diffuse through 
the water before k ing  emitted into the air. 

-- 

:Model Purpose 

Voktiliz8don is aompifated and can involve a numkr of hanrfa pathways. In 
order to qmntify voltiliation of mnamimnts to air, the major s o w ,  path- 
ways, a d  a b x n d  prunetm which affect the buufa must be tddms+d. b b  
and field vexifiaticm of critid trarufa meffidcntr are law a d  hence a com- 
plete quantifiation of PCB volatilization for ail red- Lrrriitd with a dndg- 
ing opeation is impassible. -re, the models w c ~ r  used aa an indication of 
the reiative sigruficurrc of votUzat ion when compucd to otha lou pathways 
(such as leachtc, sccpge, pknt, and animal uptake) for variou opaatiorul 

an be estimated d viable oporu  an be evaiuatcd each otha and the 
no action plah 

schemes. In this m, potexad PCB maso flux for diffamt plaancnt options 

2 



Introduction 

V o h u n o n  LS the process wnerecy a compouqd mto &e a u  *om a 
s l i d  or Ltqud suriace. The d m  oi voiaalzmon cdn be generallv reuced to 
i - i p , ” ~  s C O N C ~ C  ai cite compound: a compound wth a hgh H w s  commnt ?a 
3 Asher volanlrzanon potenmi than one wlth a low H F s  comtiint. 

The rncdei sresented in this note provldes an estimate ot the mas oi 201~- 
c%.omted biphenyls ( m s )  lost from an m-lake and an upland c o r n e d  d e  
?osai facllrty (CDR. PCB was the only compound considered due to its r e p -  
Latory slgruficaance and to simpitfy development of the models. It is anaapatd 
that otha semi-volatile and volatile cornpun& such as polycydic aromatic 
hvdrocarbons (PAHA WIU be modeled in the future for sediments contamwteci 
W ~ t h  thse substances. 

Chemical q d i b r i u m  prindples are used in this note to d- the transfer 
of the volatde o r p c  chemicals (VOCS) between VMOU pluses. In the case of 
V C G  assodated with merit, three p h e s  of mtkr a;n involved. Thac ate 
the solid partides which constitute the xdment and indude both organic matter 
and mineral ma- compnung the partxb. The two otha prunuy phases in- 
dude air and water. With- to drrrdging, V w  can - theair from either 
the water or Jcdimcnt surfaces. For volatilization to OCCUT from the water surfact, 
the VOC must fint daorb h m  the swparded soli& phase ulci diffuse through 
the water before bang emitted into the air. 
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n,, = f i u ~  of A h o u g n  air-water intdace, mg A / = ~  hr 
,.i = orgarucchemidofinterest 

t 'Ku = o v d  liqud phase m d s ~  transfer &dent, cm/hr 
WA = conmimion of A in the original bed sediment, mg/kg 
K, = sedimenf-wat& distribution coeffiaent for A, L/kg 

= concentration of suspended solids, kg/ L 
= hypothetical concentration in water for air side concentration of 

'32 

P;; 
A, mg/L 

With respect to the o v d  &bid-phase mass &mifgr &dent, when the 
sion rate is Liquid-phase rcsistance controlled, as it is for hydrophobic organio, 'K;U 
depends on wmd speed and molecular difhuivity of A in wrta,urd CM b e e  
timated using the following equation (Lunny, Sprinsrr, and Thibodeaux 1- 

If the diffusivity of A in wrter L not h w n ,  it can be mtbubcd using the follow- 
ing quation (Thibodrw 1979): 

% = molecular diffwivity of B in wta, a*/= 
B = modd organic dtsnical of known rnolceukr diffusivity 

% = molcnrlu waght of B 
MA = molceuhrwaghtof A 

4 



E q u ~ L b m ~ !  Damtiorung *uses the relative c!!emcal jolub&aes oi  hv~-ocr.obrc 
argaruc comuoktds ( U e  PCBs) m sedunent ana water to esnmare the con;enra- 
tons oi the ;ompound m rhese two media at equhbnum. FCBs are gooriv soiucie 
n water and have a h@t aifhity for sediments, par~cularly those with xUci.1 or- 
garuc matter. The ran0 ot' PCB ConCentrahOns KI sediment and water a r . e q d b  
nun E reierred to as K;i . This paratiorung coeiiiaent (Kd) can be caicuiated hom 
chemcai prowems of the contammant (PCB) and information about the total or- 
garuc conten; (TOC) of the h e n t  or through a number oi laboratory proce- 
dures. The i(;i for PCBs KI the Lndiana Harbor sediments was detammsi 
through sequential batch leach testing and column leach testing by the LS h y  
E n p e e r  Waterways Experiment Stahon (WE9 as 256,G€Nl L/kg (Enwonmental 
Laboratory 1987). 

Equationl is applicable as long as the suspended solids concentration is not 
reducd to identically tem. In a CDF, the suspend& solids concentration usually 
decreases when filling opeatioru arc discontinued, but never goes to r e m  because 
of resuspension. When the suspended solids concentration is very low and cannot 
be reliably estimated, flux may be better estimated using the foilowing equation 
(Thibodeaw 1979): 

where 

pa = b~l)r liquid b i v d  concentration of A, g / d  
=I h p t h e t i d  concentration in water for air side conceneation of 

pA1 A, g/m'  

Ex- Dredged Material Algorithm 

The volahbation pathway for exposed dredged matenal incorporates a num- 
ber of steps. Although sedrments are placed in a semisaturated state,  water and 
VOCs become quickly depleted from the Surface layer, and continuing losses 
come from the pore spaces within the M g e d  m a t e d  beneath the surface At 
thu point VCC emission is drdged matenal-sidc vapor phase diffusion 
coneollcd. The m i o n  pathway involves desorption from partlde surfaces into 



gven by' 

effective diffusivity, cm*/sec 

hulk density of dredged mattrial, kg/L 
H W s  law constant, dimens- 

backpound concentration in air at dpdged material surface, 
usuallyaJsumedtokrcro.Ing/cm 

The average flu over a given time t is given by 
1 

It Can beshown that 

The above equation is an id- diffLson truuport modd that dmuibm 
chemical rnovancnt in the unsrcurrtei pon rprca near the surface of cwposcd 

i.3 



where 

DA1 = moleda r  difhrsivity of chemical A in air, 

E = totalporosity,dimemionlea 

H e w s  law constant (HI applies for dilute solutions of chemicals in air and 
water. It  is an equrlibrium partition coeffiaent for chemical A between the air and 
water phse .  Heruy's law constant can be estimated usmg the equation M o w  

- milling 1m: 

where 

= vapor of A as pure %lute, mm Hg FA" 
= solubility of A in pun water, mg/L P !  

T = temparture,degK 

* 

Ihe hckpund corrca\tration p~~~ in air has an anidogous meaning to p; 
and also is ununcd to be tm. "his is a corrsavative auumption that maximize 
v o l a ~ t i o n .  

.. 
Result3 

Table 1 shows the maximum annual simulated PCB low for three contaminant 
transfer pathways. The data presented in the table represent loru of PCB occumng 
in the h t  year after 
show the input paraxnetm used to e s h t c  PCE volatile losses. Estimated PCB 

of the hi- contaminated sediment. Table 2 
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Tacie  Z 
h ~ u r  Parac.e:ers ior PCB C'oianluaaon Models 

i'aiue ?a rameter Desczxor.  

.%sum& vaiues 

Sedmezt-water i s m b u h o n  coefficient 

PCB sediment concentration 
1. Backlog sediment (zone 1) 
2. Baddog sediment (zone 2) 
3. Long-term mamtemnce sediment 

Suspended solids concentration 
1. Within 1Wft radius of disposal 
2. Away from disposal area 

Dissoived f T B  concentration 

Composite molecular weight of PCB 

Bulk density of sediment 

Molecular diffusivity of PCB in water 

Molecular diffusivity of PCB in air 

Vapor pressure of PCB as pure solute 

Soiubility of pc8 in pure water 

Total porosity 
Air filled porosity 

M m  wind velodty 

Calculated Valua 

Mean overall liquid phase mass 
transfameffiaent 
Mean effective diffwivity 

Mean Haqts  law constant 

256,1X€l L. kq 

1.2mg/kg 

4.2E-06 cm2/sec 

0.049 an2/sec 

4.WE44 mm Hg' 

0.054 mg/Lo 

0.70 
0.30 

8-12 mph 

0.78 an/hr 

1.63E.03 crn2/sec 

0.156 



Ln summary !he auproach Qken ut model formulation was CoNemanve M- 
ture xt :hat ;t rmula'ted a worst-case Xenano. For mtance, the exposed sedrmenrs 
were assumed to 'be completely void of vegetanon throughout the Me oi the CDF. 
However, horn past expenence a vegetative cover wll form over the e x p o d  w- 
men= over m e .  No quantltaave theory ptedicts the eifects of vegetatron on flux, 
but it is anticipated that the vegetation cover would reduce the flu rate. W ,  the 
surface area of exposed sedimenb was simulated as a layer covering the entire cell 
(only for upland CDFs). Realistically, the depcuited sediment0 would flow out- 
ward, but probably not far enough to cover the a\tih cell of an upland CDF. 
F W y ,  the suspended and dissolved solids concentations in the pond& areas 
were on consewative estimates. For the r e a s x u  stated above, the actual 
pCB mass flux from a C D F  could be substanttally lower then what is predicted by 
the model simulatior~ 

Conclusioaj 

Theoretid @eL must be tested against and rdfwad to both laboratory and 
field data prior to their aCfePtlIlCC and widaptad use as ptcdfctivc took 
P r e h m r y  model Caiculatiorrj can k made for tb submerged &hart locale 
and the exposed sediment locals void of vegcbtion However, some aspecb are 
baxd on v g y  simple quatiom and devciopmcnt t needed. Laboratory 
and fieid testing must be performed to build a higher degree of confidence in the 
predictive capabtlity of the PCB volatibadon models. A SUM amount of 
work in laboratory/fidd testing and verification needs to bqcompicted before any 
conclusive tauits an be made on PCB flux simulation from an active CDF. 

. .  
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Tabl, J-1: Input Pa 

Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acena phthene 
Arsenic 
Benzene 
Benzo(a1anthracene 
on PM 

Benzo(a)pyrene 
on PM 

Benzo(b)fluoranthene 

on PM 
Benzo(k)fluoranthene 

on PM 
Chromium (VI) 
Chrysene 
Di benzo (a, h 1 anthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xylenes 

PCBS - TSCA 

€meters and Results for Worh Case Scenario P a d  1 

Hypothetical 
Sediment Water 

3fC Unit Risk Relative Concentration Concentration Mol. wt. 
(ug/m3) (ug/m3)-1 Potency (me/ka) from Air (g/mol) 

Factor (mg/l) 
(WA) (MWi) 

.OOE + 03 

.OOE + 02 

4.30E-03 
8.30E-06 
2.1 OE-05 
2.10E-05 
2.1 OE-04 
2.1 OE-04 

2.1 OE-05 

2.1 OE-05 
2.1 OE-06 
2.10E-06 
1.20E-02 
2.1 OE-07 
2.1 OE-04 

4.20E-06 

2.20E-03 
2.20E-03 
2.20E-03 

0.1 
0.1 
1 

0.1 

0.1 
0.01 
0.01 

0.001 
1 

21 4.47 
10.9 
67 
7.18 
47.72 
47.72 
24.36 
24.36 

18.35 

18.35 
11.67 
11.67 
706 
59.75 

1.28 I 

49.52 
83 -43 
653.5 
170.45 
6 
30 
6 
8.43 
14.83 

0 
0 
0 
0 
0 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

152.21 
154.21 
74.92 
78.12 
228.3 

252.32 

252.3 

252.3 

52 
228.3 
278.36 
106.17 
166.23 
202.26 
128.17 
178.24 
300 
300 

92.15 
106.17 ~~ 0 

TABLA-1 .WK1 



Table A-1: I n w t  Parameters and Results for Worst Case Scenario Page 2 

Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene 
Benzo(a)anthracene 

on PM 
Benzo(a1pyrene 

on PM 

Benzo(b)fluoranthene 

on PM 
Bento(k)fluoranthene 

on PM 
Chromium (VI) 
Chrysene 
Dibenzo(a, hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xvlenes 

PCBS - TSCA 

Organic carbon Log 
Vapor Temperature Henry's Partition OctanoVwater 

Solubility Pressure Constant Coefficient Partition 
(mg/l) (mm Hgl (Kelvin) (no units) Coefficient 

(at 25 Celsius) (I/kgl (I/kQ) 
(PA) (HI (Koc) (log Kow) 

3.93 
3.42 

1780 
0.01 

0.003 

5.05E-03 

2.51 E-02 

3 
3.006 
3.0005 
152 
2 
3.3 
51.44 
3.0005 
3.054 
3.054 

51 5 

4.1 
0.005 

95.2 
1.50E-07 

5.68E-04 

9.59E-11 

9.59E-11 

0 
5.76E-10 
5.20E-11 
10 
0.01 7 
0.01 77 
0.23 
0.0022 
4.94E-04 
4.94 E-04 

30 

298 
298 
298 
298 
298 
298 
298 
298 

298 

298 
298 
298 
298 
298 
298 
298 
298 
298 
298 
298 
298 
298 
298 
298 

8.55E +00 
1.21 E-02 

2.25 E-0 1 
1.84E-04 

2.57E + 00 

2.58E-07 

5.20E-08 

1 . 1 8E-06 
1.56E-06 
3.76E-01 
7.61 E-02 
6.42E-01 
3.08E-02 
4.22E + 01 
1.48E-01 
1.48E-01 

2.89E-0 1 

3.27E + 03 
1.73E + 03 
2.38E + 01 
3.52E + 02 
2.68E + 04 

4.27E + 04 

1.25E + 05 

1.25E + 05 

2.38E + 01 
2.68E +04 
4.21 E + 04 
1.23E + 03 
4.48E + 03 
1.89E + 04 
1.62E + 03 
6.36E + 03 
3.20E + 04 
3.20E + 04 

6.92E + 02 
106.47 8.5 298 4.56E-0 1 1.23E + 03 

3.93 
3.42 

2.15 
5.61 

5.98 

6.84 

6.84 

5.61 
5.97 
3.1 5 
4.1 8 
5.33 
3.37 
4.46 
5.75 
5.75 

2.69 
3.15 



TablB-4-1: InDut Parameters and Results for WorsS, Case scenario Pa& 3 

Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acena phthene 
Arsenic 
Benzene 
Benzo(a)anthracene 

on PM 
Benzo(a1pyrene 

on PM 

Benzo( b)fluoranthene 

on PM 
Benzo(k)fluoranthene 

on PM 
Chromium (VI) 
Chrysene 
Dibenzo(a, hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xylenes 

PCBS - TSCA 

Molecular Molecular Overall liquid Sedimentwater 
Iiffusivity Diffusivity Effective mass transfer Distribution 
n Air in Water Diffusivity coefficient 
(cm2/s) (cm2/s) (cm/hr) (I/kQ) 
(benzene as ref (ether as ref.) 
(DAl) (DA2) (DA3) (K'A2) (Ksw) ( E l  1 

Air-filled 
Coefficient Porosity 

5.304E-02 
5.263 E-02 
3.985 E-02 
3.799 E-02 
5.1 47E-02 

1.896E-02 

1.896E-02 

I. 89 6E-02 

I .079E-01 
5.1 47E-02 
l.662E-02 
7.548E-02 
5.032 E-02 
i.469E-02 
3.870E-02 
i. 82 6E-02 
I.490E-02 
I. 49 0 E-02 

3.102E-02 

5.932E-06 
5.893 E-06 
8.454E-06 
8.280E-06 
4.843 E-06 

4.607E-06 

4.607 E-06 

4.607E-06 

1.01 5E-05 
4,843 E-06 
4.386E-06 
7.102E-06 
5.676E-06 
5.1 46E-06 
6.464E-06 
5.481 E-06 
4.225E-06 
4.225E-06 

7.623E-06 

2.326E-03 
2.31 1 E-03 
3.31 6E-03 
3.247E-03 
1.899E-03 

1.807E-03 

1.807E-03 

1.807E-03 

3.980E-03 
1.899E-03 
1.720E-03 
2.785 E-03 
2.226E-03 
2.01 8E-03 
2.535E-03 
2.150E-03 
1.657E-03 
1.657E-03 

2.990E-03 
2.785 E-03 

1.09 
1.09 
1.38 
1.36 
0.95 

0.92 

0.92 

0.92 

1.56 
0.95 
0.89 
1.23 
1.06 
0.99 
1.16 
1.03 
0.87 
0.87 

1.29 
1.23 

458.19 
241.88 
3.34 
49.29 
3758.10 

5973.76 

17542.36 

17542.36 

3.34 
3758.10 
5 899.40 
172.48 
626.68 
2646.35 
227.20 
889.95 
256000.00 
256000.00 

96.94 
172.48 

0.3 
0.3 
0.3 
0.3 
0.3 

0.3 

0.3 

0.3 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 

0.3 
1.548E-02 7.102E-06 0.3 

TABLA-1 .WKl 



Table A-1: Input Parameters and Results for Worst Case Scenario Page 4 
I 

Benzo(b1fluoranthene 

on PM 
Benzo(k)fluoranthene 
on PM 

Chromium (VI) 
Chrysene 
Dibenzo(a, hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 
PCBS - TSCA 
PCB on PM 
Toluene 
Xylenes 

Compound 

0.7 1.2 0.14 5.00E-05 10 5.1 8E + 06 

0.7 1.2 0.14 5.00E-05 10 5.1 8E + 06 

0.7 1.2 0.1 4 5.00E-05 10 5.1 8E+06 
0.7 1.2 0.14 5.00E-05 10 5.1 8E +06 
0.7 1.2 0.14 5 .OO E-0 5 10 5.1 8E+06 
0.7 1.2 0.14 5.00E-05 10 5.1 8E + 06 
0.7 1.2 0.14 5.00E-05 10 5.1 8E + 06 
0.7 1.2 0.14 5.00E-05 10 5.1 8E+06 
0.7 1.2 0.14 5.00E-05 10 5.18E +06 
0.7 1.2 0.14 5 .OO E-05 10 5.1 8E + 06 
0.7 1.2 0.14 5.00E-05 10 5.1 8E + 06 
0.7 1.2 0.14 5.00E-05 10 5.1 8E + 06 

0.7 1.2 0.14 5.00E-05 10 5.1 8E + 06 
0.7 1.2 0.14 5.00E-05 10 5.18E+06 I 

Bulk Organic Suspended Mean 
Total Sediment Carbon Solids Wind 
Porosity Density Fraction Concentration Velocity Time 

(kg/l) (ds) (kdll (mph) (SI 
(60 days) 

Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene 
Benzo(a1anthracene 
on PM 

Benzo(a1pyrene 
on PM 

0.7 1.2 0.14 5.00E-05 10 5.1 8E +06 
0.7 1.2 0.14 5.00E-05 10 5.1 8E + 06 
0.7 1.2 0.14 5.00E-05 10 5.1 8E+06 
0.7 1.2 0.14 5 .OO E-05 10 5.1 8E +06 
0.7 1.2 0.14 5.00E-05 10 5.18E + 06 

0.7 1.2 0.14 5.00E-05 10 5.1 8E+06 



Tablr-A-1: Input Pa 

Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acena phthene 
Arsenic 
Benzene 
Benzo(a1anthracene 

on PM 
Benzo(a1pyrene 

on PM 

Benzo( b)fluoranthene 

on PM 
Benzo( klfluoranthene 

on PM 
Chromium (VI) 
Chrysene 
Dibenzo(a, hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xvlenes 

PCBS - TSCA 

! I  
ameters and Results for Wors, Case Bcenario Pa+. 5 

In place Modelled 
sediment CDF Flux through 

Time Time area Area aidwater interf. 
(S) (SI (m2) (m2) (g/m2/s) 
(9 d betw. rain (5 d betw. rain (390 acres) 

events, apr-nov) events, apr-nov) (A) (Fwi) 
41 9797.807 

7.78E + 05 
7.78E + 05 
7 . 7 8 ~  + 05 
7.78E + 05 
7 . 7 8 ~  + 05 

7.78E + 05 

7.78E + 05 

7.7a~+o5 

7 .78~  + 05 
7.78E + 05 
7.78~+05 
7 .78~  + 05 
7.78E+05 
7.78E + 05 
7.78E+05 
7.78E+05 
7.78E + 05 
7.78E + 05 

7.78E + 05 
?.78€ + 06 

4.32E + 05 
4.32E + 05 
4.32E + 05 
4.32E +05 
4.32E + 05 

4.32E + 05 

4.32E + 05 

4.32E + 05 

4.32E + 05 
4.32E + 05 
4.32E +05 
4.32E + 05 
4.32E + 05 
4.32E + 05 
4.32E + 05 
4.32E +05 
4.32E + 05 
4.32E + 05 

4.32E + 05 
4.32E + 05 

1598565 
1598565 
1598565 
1598565 
1598565 
1598565 
1598565 
1598565 

1598565 

1598565 
1598565 
1598565 
1598565 
1598565 
1598565 
1598565 
1598565 
1598565 
1598565 
1598565 
1545954 
5261 1 

1598565 

41 9797.807 
41 9797.807 
41 9797.807 
41 9797.807 
41 9797.807 
41 9797.807 
41 9797.807 
419797.807 

41 9797.807 

41 9797.807 

419797.807 
41 9797.807 
41 9797.807 
41 9797.807 
41 9797.807 
41 9797.807 
41 9797.807 
41 9797.807 
41 9797.807 
41 9797.807 
161 87.43 
41 9797.807 
419797.807 

41 9797.807 

3.176E-08 
1.624E-09 

1.355E-09 
6.31 6E-09 

2.401 E-09 

1.251 E-09 

7.958E-10 

1.530E-07 
6.656E-09 
0.000E + 00 
2.168E-10 
7.063E-09 
1.01 5E-08 
1.037E-07 
2.345E-08 
5.253E-11 
2.627E-10 

1.502E-09 
_ _  ~ . ~ .  1698666 41 9797.807 2.51 1 E-09 
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Table A-1: InDUt Parameters and Results for Worst Case Scenario 

Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene 
Benzo(a1anthracene 
on PM 

Benzo(a1pyrene 
on PM 

Benzo(b1fluoranthene 

on PM 
Benzo(k1fluoranthene 

on PM 
Chromium (VI) 
Chrysene 
Dibenzo(a, hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xylenes 

PCBS - TSCA 

Page 6 

Annual average Annual average Annual average 
Emissions from air/ Flux from Emission rate Flux from 
water interface exposed sediment from exposed sed. exposed sediment 
(g/s) (g/m2/sec) ( Q / S )  (g/m2/sec) 

(Ewi) (Fi) (Ei) or (Eace) (Fi) 
(t =60 d) (t = 60 d) ( t=9 d 1 

5.077E-02 7.688E-06 
2.597E-03 2.01 5E-08 

2.166E-03 1 .50 1 E-07 
8.498E-03 2.501 E-09 

3.227E +00 9.925 E-06 
8.459E-03 2.601 E-08 

6.302E-02 1.938E-07 
1.050E-03 3.228E-09 

3.838E-03 1.166E-07 4.896E-02 1.506E-07 

2.000E-03 1.624E-11 6.81 8E-06 2.097E-11 

1.272E-03 4.636E-12 1.946E-06 5.985E-12 

2.44 5E-0 1 
1.064E-02 
3.000E + 00 
3.465E-04 
1.129E-02 
1.623E-02 
1.657E-01 
3.749E-02 
9.121 E-05 
1.382E-05 

1.252E-10 
0.000E + 00 
1.71 3E-08 
1.397E-07 
3.170E-07 
2.081 E-06 
9.3 9 9 E-06 
1.007E-09 
5.036E-09 

5.257E-05 
0.000E t 00 
7.1 90E-03 
5.866E-02 , 

1.331 E-01 
8.73 8 E-0 1 
3.946E + 00 
4.228E-04 
8.1 52E-05 

3.234E-10 
0.000E + 00 
2.21 1 E-08 
1.804E-07 
4.093E-07 
2.687E-06 
1.21 3E-05 
1.300E-09 
6.502E-09 

2.401 E-03 1.367E-07 5.737E-02 1.764E-07 
LO1 5E-03 2.1 86E-07 9.177E-02 2.822E-07 

r ' t  



i 
TablL A-1: Inmt 

Compound 

Parameters and Results for Work/ Case Scenario PLJ 7 
Modelled ambient 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene 
Benzo(a)anthracene 
on PM 

Benzo(a1pyrene 
on PM 

Benzo(b)fluoranthene 

on PM 
Benzo(k)fluoranthene 

on PM 
Chromium (VI) 
Chrysene 
Dibenzo(a, hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xylenes 

PCBS - TSCA 

Annual average at 400 m from CDF 
Emission rate Flux from Emission rate (ug/m31 
from exposed sed. exposed sediment from exposed sed. North grid high 
W s )  (g/m2/sec) 
( t=9 d) ( t=5 d) (t=5 d) at (400,1242,56)) 
(Ei) or (Eace) (Fi) (Ei) or (Eace) 

(e/sl (also max. pt 

1.849E-07 7.761 E-02 378891.02 
4.167E + 00 1.332E-05 5.590E + 00 378891.02 
1.092E-02 3.490E-08 1.465E-02 378891 -02 

1.849E-07 7.761 E-02 378891.02 
8.136E-02 2.600E-07 1.092E-01 378891.02 
1.355E-03 4.331 E-09 1.81 8E-03 378891,02 

1.849E-07 7.761 E-02 378891.02 
6.321 E-02 2.020E-07 8.481 E-02 378891.02 

1.849E-07 7.761 E-02 378891.02 

8.802E-06 2.81 3E-11 1.1 81 E-05 378891.02 

1.849E-07 7.761 E-02 378891.02 
2.513E-06 8.030E-12 3.371 E-06 378891.02 

1.849E-07 7.761 E-02 378891.02 
1.849E-07 7.761 E-02 378891.02 

1.357E-04 4.338E-10 1.82 1 E-04 378891.02 
0.000E + 00 0.000E + 00 0.000E + 00 378891.02 
9.282E-03 2.967E-08 1.245E-02 378891.02 
7.573E-02 2.420E-07 1.01 6E-01 378891.02 
1.71 8E-01 5.491 E-07 2.305E-0 1 378891.02 
1.128E + 00 3.605E-06 1.513E+00 378891.02 
5.094E + 00 1.628E-05 6.834E + 00 37889 1.02 
2.105E-05 1.745E-09 2.824E-05 3671 78.4 
2.729E-03 8.723 E-09 3.662E-03 182965.2 

1.849E-07 7.761 E-02 378891.02 
7.407 E-02 2.367E-07 9.937E-02 37889 1.02 
1.1 85E-01 3.786E-07 1.590E-01 378891.02 
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Table A-1: Input Pa 

Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene 
Benzo(a1anthracene 
on PM 

Benzo(a)pyrene 
on PM 

Benzo(b1fluoranthene 

on PM 
Benzo(k)fluoranthene 
on PM 

Chromium (VI) 
Chrysene 
Dibenzo(a, hJanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xvlenes 

PCBS - TSCA 

ameters and Results for Worst Case Scenario Page 8 
Modelled ambient 

800 m from CDF 
(1 986 met data) (at fence of H.S.) 

at (-400,100) North grid high 
East Grid high south Grid high west grid high (ug/m3) east grid high 

(ug/m3) (ug/m3) (ug/m3) (ug/m3) bg/m3) 

~~ ~ 

276896.1 75 
343626.04 276896.175 222972.51 189490.921 160458.303 
343626.04 276896.175 222972.51 189490.921 160458.303 
343626.04 276896.1 75 222972.51 189490.921 160458.303 
343626.04 276896.1 75 222972.51 189490.921 160458.303 
343626.04 276896.175 222972.51 189490.921 160458.303 

343626.04 276896.175 222972.51 189490.921 160458.303 

343626.04 276896.175 222972.5 1 189490.921 160458.303 

343626.04 276896.175 222972.51 189490.921 160458.303 

343626.04 
343626.04 
343626.04 
3 43 626.04 
343626.04 
343626.04 
343626.04 
343626.04 
331 468.6 
I21 57.44 

276896.175 
276896.175 
276896.1 75 
276896.175 
276896.1 75 
276896.175 
276896.1 75 
276896.175 
268414.1 
7982.075 

222972.51 
222972.51 
222972.51 
222972.51 
222972.51 
222972.51 
222972.51 
222972.51 
21 1586.9 
1 1385.61 

189490.921 
189490.921 
189490.921 
189490.921 
189490.921 
189490.921 
189490.921 
189490.921 
182965.2 
6525.721 

160458.303 
160458.303 
160458.303 
160458.303 
160458.303 
160458.303 
160458.303 
160458.303 
5352.503 
160458.303 

343626.04 276896.175 222972.51 189490.921 160458.303 
343626.04 276896.1 76 222972.51 189490.921 160458.303 

f' . 
i l  
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Tablc  1-1: Input 
7 ,  

Compound 

Parameters and Results for W o r t  Case Scenario Ph 1 9 
conc. using Fi (t = 5) 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene . 

Benzo(a1anthracene 
on PM 

Benzo(a)pyrene 
on PM 

Benzo(b)fluoranthene 

on PM 
Benzo(k1f luoran t hene 

on PM 
Chromium (VI) 
Chrysene 
Dibenzo(a, hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene . 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xylenes 

PCBS - TSCA 

I. :, 

6” 

-$ 
I 

0 
‘q,* 

at 400 m from CDF 
(at high school) (ug/m3) (ug/m3) 
south grid high west grid high North grid high East Grid high 

(max. mod. point) 
(ug/m3) (ug/m3) (t = 5) (t = 60) (ug/m3) 

139689.889 7.OE-02 
139689.889 
139689.889 
139689.889 
139689.889 
139689.889 
139689.889 
139689.889 
139689.889 

139689.889 

139689.889 
139689.889 
139689.889 
139689.889 
139689.889 
139689.889 
139689.889 
139689.889 
139689.889 
139689.889 
139689.889 
135339.4 
1350.489 
39689.889 
39689.889 

10481 7.628 
10481 7.628 
10481 7.628 
10481 7.628 
10481 7.628 

10481 7.628 

10481 7.628 

10481 7.628 

10481 7.628 
10481 7.628 
10481 7.628 
10481 7.628 
10481 7.628 
10481 7.628 
10481 7.628 
10481 7.628 
99597.63 
521 9.998 

10481 7.628 

5.OE + 00 
1.3E-02 
4.7E-06 
9.9E-02 
1.6E-03 
3.3E-06 
7.7E-02 
1.7E-06 

1 .l E-05 

1.3E-06 
3.OE-06 
8.2E-07 
4.9 E-05 
1.6E-04 

1 .1 E-02 
9.2 E-02 
2.1E-01 

O.OE + 00 

1.4E + 00 
6.2E + 00 
6.4E-04 

4.2 E-07 
9.OE-02 

2.9E+00 
7.6E-03 

5.7E-02 
9.5E-04 

4.4E-02 

6.2 E-06 

1.8E-06 

4.7E-05 
O.OE + 00 
f3.5E-03 
5.3E-02 
1.2E-01 
7.9E-0 1 
3.6E +00 
3.7E-04 
9.2E-04 

5.2E-02 

4.6E + 00 
1.2E-02 

8.9E-02 
1.5E-03 

6.9E-02 

9.7E-06 

2 8E-06 

6.4E-02 
1.5E-04 
O.OE + 00 
1 .OE-02 
8.3 E-02 
1.9E-01 
1.2E + 00 
5.6E+00 
5.8E-04 

8.1 E-02 
39689.889 10481 7.628 1.4E-01 8.3E-02 * 1.3E-01 

.- Q TABLA-1 .WK1 



Table A-1: I n m t  Pa 

Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic , 

Benzene 
Benro(a)anthracene 

on PM 
Benzo(a)pyrene 

on PM 

Bento(b)fluoranthene 

on PM 
Benzo(k)fluoranthene 

on PM 
Chromium (VI] 
Chrysene 
Dibenzo(a, hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xvlenes 

PCBS - TSCA 

ameters and Results  for Worst Case Bcenario Page 10 

at 800 m at  High school 

south grid high west grid high north grid high east grid high south grid high 

(ua/m3) 4 ug/m3) (ug/m3) (ug/m3) (ug/m3) 
(t = 5) 

2.6 E-02 
3.7E + 00 
3.7E-03 

7.2 E-02 
I .2E-03 

5.6E-02 

7,8E-06 

2.2E-06 

i.lE-02 
I .2E-04 
).OE + 00 
3.2E-03 
5.7E-02 
I .5E-01 
I.OE+OO 
L5E + 00 
L7E-04 
I .4E-05 

i.6E-02 

3.OE+00 
7.8E-03 

5.8E-02 
9,7E-04 

4.5E-02 

6.3 E-06 

1.8E-06 

4.1 E-02 
9.7E-05 
O.OE +00 
6.6E-03 
5.4E-02 
1.2E-01 
8.OE-01 
3.6E + 00 
3.7E-04 
2.OE-05 

5.3E-02 

2.5E+00 
6.6E-03 

4.9E-02 
8.2E-04 

3.8E-02 

5.3 E-06 

1.5E-06 

3.5E-02 
8.2E-05 
O.OE + 00 
5.6E-03 
4.6E-02 
1 .OE-Ol 
6.8E-01 
3.1E+00 
3.2E-04 
5.7E-05 

4.5E-02 
I .OE-01 8.4E-02 7.2E-02 

2.1E+00 
5.6E-03 
3.OE-02 
4.2 E-02 
6 9 E-04 

3.2E-02 

4.5 E-06 

1.3E-06 

3.OE-02 
7 .OE-05 

4.8E-03 
3.9 E-02 
8.8E-02 
5.8E-0 1 

0.OE + 00 

2.6E +00 
9.3 E-06 
1.4E-03 

3.8E-02 
6.1 E-02 

1.9E t 00 
4.9E-03 
1.7E-06 
3.6E-02 
6.1 E-04 
1.2E-06 
2.8E-02 
6.3E-07 

3.9E-06 

4.7 E-07 
1 . 1 E-06 
3.OE-07 
1.8E-05 
6.1 E-05 
O.OE + 00 
4.1 E-03 
3.4E-02 
7.7E-02 
5 .OE-0 1 
2.3E + 00 
2.4E-04 
3.8E-05 
1.5E-07 
3.3E-02 
5.3E-02 

2 .  

\ 
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BACKGROUND CONCENTRATIONS 

Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene 
Benzo(a1anthracene 

on PM 
Benzo(a1pyrene 

on PM 

Benzo(b1fluoranthene 

on PM 
Benzo(k1fluoranthene 

on PM 
Chromium (VI) 
Chrysene 
Dibenzo(a,hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xylenes 

PCBS - TSCA 

a t  High school avg ambient monit. avg ambient model 

west grid high S.E. chicago study S.E. chicago study 
conc. reported in conc. reported in 

t=60 (ug/m3) (ug/m31 
(ug/m3) (ug/m31 

l . l E + O O  
2.8E-03 

2.1 E-02 
3.5E-04 

1.6E-02 

2.3E-06 

5.5E-07 

I .7E-05 
).OE + 00 
2.4E-03 
2.OE-02 
t .4 E-02 
!.9E-0 1 
I .3E + 00 
I .4E-04 
!.2E-05 

I .9E-02 

1.4E+00 
3.7E-03 

2.7E-02 
4.5E-04 

2.1 E-02 

2.9E-06 

8.4E-07 

4.5E-05 
O.OE + 00 
3.1E-03 
2.5E-02 
5.8E-02 
3.8E-01 
1.7E+00 
1.7E-04 
4.6E-05 

2.5E-02 

0.001 
4.41 

0.007 

0.022 

0.0009 

10.23 

0.0047 
2.35 

0.0085 

0.05 

0.000003 

0.42 
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Risks at high school 

Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene 
Benzo(a1anthracene 
on PM 

Benzo(a1pyrene 
on PM 

Benzo(b)fluoranthene 

on PM 
Benzo(klf1uoranthene 
on PM 

Chromium (VI1 
Chrysene 
Dibenzo(a, hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xylenes 

PCBS - TSCA 

average 70 yr risk avg ambient monit. avg ambient model overall 
at high school from :onc. reported in conc. reported in average 70 year 

S.W. chicago study S.W. chicago study risk due to background CDF (using Fi,t=5l 
(ue/m3) (ug/m3) background concs. 

(s.e. study values) 

1.002 
5.26 

0.00074 
0.88 

4.30 E-06 
3.66E-05 

1.47E-06 

2.64E-04 

7.44E-09 
3.01 E-07 
1.27E-08 
2.59E-11 
5.93E-06 
1.32E-10 

8.25E-11 

9.95E-12 
2.36E-12 
6.33E-13 
2.1 9E-07 
1.27E-11 

2.1 2E-06 

1.98E-06 5.19E-07 
8.3 5E-08 
3.41 E-1 0 

Risk Totals: 3.08E-04 9.19E-06 

i . 



Tabla- A-1: Input Pa: 

Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene 
Benzo(a1anthracene 

on PM 
Benzo(a)pyrene 

on PM 

Benzo( b)f luoranthene 

on PM 
Benzol klfluoranthene 

on PM 
Chromium (VI) 
Chrysene 
Dibenzo(a, hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xylenes 

PCBS - TSCA 

P a w 1 3  imeters and Results for Worh Case Bcenario 

rota1 70 year cancer 
isk Hazard quotient at  high school from at high school 
r t  high school for non-carcinogens CDF, Fi, t=60 

average 30 yr risk total cancer risk 

air conc./RfC 

1.31 E-06 
3.69 E-05 

1.40E-06 

!.64E-04 

4.14E-06 

!. 50E-06 

O.OOE + 00 
3.1 9E-09 
7.4 6 E-0 8 
3.1 4E-09 
1 .l 1 E-1 1 
1.47E-06 
5.66E-11 

2.04E-11 

4.26E-12 
5.83E-13 
6.33E-13 
9.38E-08 
1.57E-12 

I 

5.23E-07 

1.29E-07 
2.07E-08 
1.46E-10 

1.58E-05 

2.1 OE-06 

9.77E-07 

8,27505 

2.31 E-06 1.88E-05 1.15E-04 8.68E-05 

L 
I .. . :,.. 
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Table A-1: Input Pa 

Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene 
Benzo(a)anthracene 

on PM 
Benzo(a)pyrene 

on PM 

Benzo(b1fluoranthene 

on PM 
Benzo(k1fluoranthene 

on PM 
Chromium (VI) 
Chrysene 
Dibenzota, h)anthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xylenes 

PCBS - TSCA 

Page 1 4  meters and Results for Worst Case Scenario 

iazard Quotient average 9 yr risk total cancer risk Hazard Quotient 
or non-carcinogens at high school from at high school for non-carcinogens 

CDF, Fi, t=60 

air conc . /Rf C air conc./Rf C 

O.OOE + 00 
9.57E-10 
2.24E-08 3.66E-05 
9.43E-10 
3.33E-12 
4.40E-07 1.91 E-06 
1.70E-11 

6.13E-12 

1.28E-12 
1.75E-13 
8.14E-14 
2.81 E-08 
4.726-1 3 

.3 9 E-06 

, 

2.39E-06 

1.57E-07 

3.86E-08 2.02E-06 
6.2OE-09 6.20E-09 
4.38E-11 

.77E-05 4.77E-05 

.01 E-05 6.94E-07 4.06E-05 5.01 E-05 



Tabla A-1: Input 

Compound 

I 

Parameters and Results for Wor$r Case Scenario Pa&/ 15 

avg 70 yr cancer total cancer risk Hazard Quotient 30 year cancer risk 
risk using Fi, t = 5 
at high max. pt. at  max. pt. a t  max point 

using Fi, t = 5 for non-carcinogens using Fi, t=60 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene 
Benzo(a)anthracene 

on PM 
Benzo(a)pyrene 

on PM 

Benzo(b)f luoranthens 

on PM 
Benzo(k)fluoranthene 
on PM 

Chromium (VI) 
Chrysene 
Dibenzo(a, hlanthracene 
Ethyl benzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xvlenes 

PCBS - TSCA 

--4,,.. 

1 L' 

air conc./RfC 

O.OOE + 00 
2.02E-08 
8.18E-07 
3.4 5 E-08 
7.02E-11 
1.61 E-05 
3.58E-10 

2.24E-10 

2.70E-11 
6.39E-12 
1.72E-12 
5.93E-07 
3.45E-11 

5.74E-06 

1.4 1 E-06 
3.51 E-06 
9.25E-10 

4.32 E-06 
3.74E-05 

1.75E-05 

2.65E-04 

3.39E-06 
3.51 E-06 

O.OOE + 00 
2.02E-08 
2.02E-07 
8.53 E-09 
3.01 E-1 1 
3.98E-06 
1.54E-10 

5.54E-11 

1.16E-11 
1 .58E-12 
7.36E-13 
5.93 E-07 

4.1 4E-06 

1.42E-06 

3.49E-07 
8.69 E-07 
3.96E-10 

8.27E-05 

2.82E-05 3.3 1 E-04 8.68E-05 7.44E-06 

TABLA-1 .WK1 
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Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene 
Benzo(a)anthracene 

on PM 
Benzo(a1pyrene 

on PM 

Benzo(b1fluoranthene 

on PM 
Benzo(k)fluoranthene 

on PM 
Chromium (VI) 
Chrysene 
Dibenzo(a, hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xylenes 

PCBS - TSCA 

total cancer risk otal cancer risk Hazard Quotient 9 year cancer risk 
it rnax. pt. for non-carcinogens using Fi, t =60 a t  max, pt. 

air conc./RfC 

.86E-06 

.59E-05 

.. 6 1 E-06 

.14E-04 

.20E-06 

O.OOE f 00 
2.02E-08 4.32 E-06 
6.07E-08 3.67E-05 
2.56E-09 
9.02E-12 
1 .19E-06 2.66E-06 
4.61 E-1 1 

1.6651 1 

3.47E-12 
4.74E-13 
2.21 E-13 
5.93E-07 
1.28E-12 

2.39E-06 

4.26E-07 

1.05E-07 
2.61 E-07 
1 . 1 9E-10 

2.65E-04 

2.08E-06 
2.61 E-07 

4.77E-05 

.37 E-04 5.01 E-05 2.66E-06 3.1 1 E-04 
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Table A-1: Input Parameters and Results for Worst Case Scenario Page 17 

Compound 

Particulate Matter (PM) 
Acenaphthalene 
Acenaphthene 
Arsenic 
Benzene 
Benzo(a)anthracene 

on PM 
Benzo(a)pyrene 

on PM 

Benzo(b)fluoranthene 

on PM 
Benzo(k)fluoranthene 

on PM 
Chromium (VI) 
Chrysene 
Dibenzo(a, hlanthracene 
Ethylbenzene 
Fluorene 
Fluoranthene 
Naphthalene 
Phenanthrene 
PCBs - Non TSCA 

PCB on PM 
Toluene 
Xylenes 

PCBS - TSCA 

lazard Quotient 
or non-carcinogens 

Ibs/yr emissions Ibs/yr emissions lbslyr emissions 
from in place sed. from CDF from CDF 

air conc./RfC (no action) (using Fi, t = 5) (using Fi, t = 60) 

5395.6 
3529.9 388636.5 224379.4 
180.5 101 8.6 588.1 
0.0 0.4 286.0 
150.6 7589.1 4381.6 
590.8 126.4 73.0 

0.3 
266.8 5896.1 3404.1 

0.1 

139.1 0.8 0.5 

! .39E-06 

I. 77 E-05 

88.4 

739.8 
0.0 
24.1 
785.0 
11 28.3 
1 1 520.1 
2606.6 
5.6 
1 .o 

167.0 

0.1 
0.2 
0.1 
3.8 
12.7 
0.0 
865.8 , 
7063.7 
16025.0 
10521 8.8 
4751 54.4 
2.0 
254.6 
0.0 
6908.9 

0.1 

3.7 
0.0 
499.9 
4078.2 
9252.1 
60748.1 
274330.5 
29.4 
5.7 
0.0 
3988.9 

TABLA-1 .WK1 
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* *  Long Tern Scenario 
* *  This is a model run for Air Concentrations at the ECI CDF 
* *  December 20, 1993 
* *  For use of Long Term VOC Dispersion Modeling ii R i s k  Assessment 
co starting 
co titleone 
co modelopt dfault urban conc 

E C I  Site Combined Disposal  Facility Air Dispersion (1.986 met ciz 

co avertime annual 
co pollstid 'd'0C 
co cerrhgts flat 
* *  units of the input receptor elevations meters or feet 
co runornot run 
* +  usually input 'not' for first time, program will then check for input e r r  
co finished 
** 
so starting 
** area source 
so location 
** 

** 
**parameters 

so srcparam 
** 

8-char id 

areal 
area2 
area3 
area4 
area5 
area6 
area7 
area8 
area9 

.-..-.... 

srcid 

areal 
a'rea2 
area3 
area4 
area5 
area6 
area7 
area8 
area9 

srctyp 

area 
area 
area 
area 
aqea 
area 
area 
area 
area 

0-0-0- 

aremis 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

--.... 

xs 

0.0 . 
253.267 

-0 

277.448 
277,448 

269.828 

0.0 
127.30 

0.0 
142.184 

relhgt 

4.57 
4.57 
4.57 
4.57 
4.57 
4.57 
4.57 
4.57 
4.57 

..---. 

YS 
-0 

554.482 
554.482 
269. a28 

-269.828 

397.05a 
397. 058 

0.0 
0.0 

0.0 

xinit .--.- 
253 . 267 
270.088 
270.088 

127.230 
127.230 
142 . 184 
142 sl84 

253 267 

269. a28 

Z S  

0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  

0. 

** 
** set two source groups -- one each for the tsca and non-tsca cells. ** 
so 
so ** 
so 

** 
** 
** 
** 
** 
** 

re 

srcgroup nontsca areal area2 area3 area4 area5 area7 area8 area9 
srcgroup tsca area6 
so srcgroup a l l  
finished 
starting 

.grid on the high school property. 

Set carte8ian receptor grids for the areas north, east, south L west 
of the CDP =ma. The receptors of interest are located in the south 

approximately 400 m from the CDF boundary and the high school building 
1s approximately 800 m from the CDF boundary. 

The boundary of the property is 

** Grid inputs: Netid xinit mum xdelta yinit ynum ydelta ** .-.-- ..-.. 00.0 ..---. .-.-- 9-0. --..-- 
re gridcart north sta 

"e gridcart north end . 
ce gridcart east sta 

xyinc -800.0 20.0 ioo.0 1242.~55 5 .0  100.0 

xyinc 965.0 5 . 0  100.0 -800.0 20.0 100.0 



re --,-- j L  ,,,a~= east end 
re qriacart South sta 

re gridcart xyinc -800.0 20.0 1 0 0 . 9  -800.0 5.0 100.2 south end 
r e  'jridcart west sta 

re qridcart 
xyinc -800.0 5 . 0  1 0 0 . 0  -300.0 20.0 100.0 
west end 

* *  Set 3 qeneral Cartesian grid that covers the entire vicinity. 
**re gridcart all sta * *  
* * r e  gridcart 
re finished 

me starting 
* *  

xyinc -3000.0 10.0 500.0 -3000.0 10.0 500.0 
all end 

me inputfii c: \iscmodel\ang\1780014.86 
me anemhght 10.0 
me surfdata 1780014 1986 
me uairdata 1780014 1986 
**  Set average temp. 
me avetemps annual 3*287.9 283.1 2*278.2 ** Set average mixing height for each stability category 
me avemixht annual A 6*1593. 
me avemixht annual B 6*1062.. 
me avemixht annual C 6*1062. 
me avemixht annual D 6*756. 
me avemixht annual E 6*449. 
me avemixht annual F 6*449. 
me finished 

ou starting 
ou rectable srcgrp - 
**ou maxtable srcgrp" 
ou finished 

(K) for each stability category. 

** 

*****************************a***** 
*** SETUP Finishes Successfully *** *********************************** 

... 

. 
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Table 2. Monitoring Studics Conducted i n  Southeast Chicago 

S m p l e  Monitored b n i  t o r i n g  Sampl iag Number 
organ i za t i on h n i t o r i n g  Location - Per i od ____--  o f  Samples - I)urdtioit _. P o l  l u t d r i t s  He t hod -__-_- -- 

16 ? 4  hrs . OrcJaii ic: s 
n (I every f-0 Vllld I dPhytlt* 
m 12 days f I tCtdIS ,lj(d)lt 

111 i n o i s  CPA/Radian Carver High School Can i s t e r  9/07 t o  3/8n 
Cartr idge 
F i  1 t e r  II 

(46 11.7#/450.9E) 

4 
USEPA (Tox ic  A i r  S.E. l b 1  i ce  Stat ion Tend w 7/85 t o  30 24 l t r s .  Orgdit ics 

I b n i t o r i n g  System (4615.5N/450.0€) (no data f o r  11 /86 e v e r y  
( T A W  1 canis ter  samples) 12 ddys 

I l l i n o i s  I n s t i t u t e  S.E. Pol ice Stat ion Canister 11/86 t o  2/87 5 t o  7 4 l i rs .  Or-cJdni(.s 
o f  Technology ( I  IT)  (4615.5N/450.0€) Tenax n II I1 

National Carver Elm. School F i  1 te rs  19s; t o  1987 30/ycar 24 hrr .  I I t t ~ L d l S ,  II(11)p 

Par t i cu la te  (461 1 .1 N/449.0E) c!vc!ry 
Network Washington High School 17 h y s  

(4615.(m/455.M) 
Addims School 

B r  1g h t Sc hoo 1 
(4616.2~/453.8~) 

I 

( 4 6 16.5N/4 5 3. ZE ) 

I l l i n o i s  Dept. o f  Br ight  School Cani s t e r  10/86 t o  6/87 10-15 I r s i r t .  OrrJdni( s 
Energy and Natural (461 6.5N/453.2€ ) lmpac t o r  1987 4 24 tir!. . nlctdls  
Resources/ Hazardous . .' Dichot.sampler 6/86 t o  6/87 ? 100 h r s .  nit' t d I s 
Waste Reseach and S t  rea ker 1987 1 7 days m e t a l s  
lnformation Center t 
( tIWH I C )  

I l l i n o i s  LPA B r igh t  School. lblyurethane 2/86 t o  8/86 6 24 hrs. $'C II 
(461 6.5N/453.2E ) Foam 

(461 5. W/455. OE ) 

(4612.3Nj453.9E) 

Washlngton High n 

Gr 1 ssom School I) 
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Section I. 

This portion of the E.I.S. addresses environmental justice concerns as directed by the February 11. 19%. 

Executive Order No. 12898 of the President. That the President's Order was to implement environmental 

justice in areas of the country inhabited by minority or low income populations is evident fram a0 

examination of Section 1-101 of the Grder which states that: 

Executive Directive and Agency Guidance 

=. . .each Federal Agency shall make achieving environmental justice part of its mission by 

identifying and addressing, as appropriate, disproportionally high and adverse human health or 

environmental effects of its programs, policies and activities on minority populations and 

low-income populations in the United States . . . 

Another portion of the Executive Order requires that proposed activities be conducted in such manner as to 

preclude any exclusion of persons or populations on account of race, color or national origin h m  

participating in or receiving the benefits of the proposed activity. This requirement is located at Section 2-2 Of 

the Order which provides: 

"Each Federal Agency shall conduct its programs, policies, and activities that substansially 

affect human health or the environment, in a manner that ensures that such programs, policies 

and activities do not have the effect of excluding persons (including populations) from 

participation in, denying persons (including populations) the benefits of, or subjecting persons 

(including populations) to discrimination under such programs, policies or activities because of 

their race, color or national origin." 

When the White House distributed this Order it was accompanied by a memorandum addressed to the Heads 

of the Executive Branch of the government which directed them to: 

' I . .  .analyze the environmental effects. including human health, economic and social effects. of 

Federal actions, including effects on minority communities and low income communities, when 
-a *; L 

IC-=  ' 
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such analysis is required by National Environmental Policy Act of 1969 (NEPA), 42 U.S.C. 

Section 4321 et seq." 

Subsequently, the administrator of the United States Environmental Protection Agency (U.S. EPA) issued a 

number of guidance documents aimed at implementing both the Order and memorandum. In addition, such 

guidance aided in complying with the provisions of Section 309 of the Clean Air Act which imposed a duty 

upon the Administrator to "review and comment in writing on - the environmental impact of any matter . . . 

contained in any (1) legislation.. . (2) newly authorized Federal projects . . . and (3) proposed regulations 

published by any department or agency of the Federal government." Illustrative of such guidance are the 

"Preliminary Draft Guidance for Addressing Environmental Justice in Reviews Conducted Pursuant to 

Section 309 of the Clean Air Act" dated August 18. 1994 issued by Scott C. Fulton, Deputy Assistant 

Administrator within the Office of Enforcement and compliance Assurance and the U.S. EPA's Draft 

Environmental Justice Strategy dated January, 1995. This last document states that, 

" EPA reviewers [of Environmental Impact Statements] will focus on spatial distribution of 

human health. social and economic effects to ensure that agency decision makers are aware of 

the extent to which those impacts fall disproportionately on low-income and minority 

communities. " ' 
The application of both the Executive Order and policy guidance to the activities identified within this 

Environmental Impact Statement require a three tiered analysis. The analysis commences by determining the 

' As set forth in the Executive Order, a 'Working Group" will provide further guidance on issues 
concerning Environmental Justice. To date. this group has not provided a formal definition of 
Environmental Justice. However. cne definition which has been developed in another context is that the 
term Environmental Justice refers to: 
"the fair treatment of people of all races, cultures, incomes and educational levels with respect to the 
development, implementation and enforcement of environmental laws, regulations and policies. Fair 
treatment implies that no population of people should be forced to shoulder a disproportionate share of the 
negative environmental impacts of pollution or environmental hazards due to a lack of political or 
economic strength." United States Environmental Protection Agency, Environmental Protection Justice 
Initiatives 1993. p. 19 (1994). 
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geodemographic characteristics of the community surrounding the proposed federal activity. The first step is 

to determine whether the proposed project would affect minority or low-income populations. In the event 

minorities or low-income populations are found unaffected by the activity, the inquiry ends. Should that not 

be the case, the second step is to assess the potential impact or impacts of the proposed activity upon such a 

comunity.  The third step is to decide if the impacts of the activity could or would be disproportionate to 

those experienced by others. Should the inquiry end by concluding that minority or low income populations 

would not be impacted by the proposed activity, or that the effects of any impact resulting from the activity 

would not be disproportionate to that of other _groups, the requirements of the Executive Order have been 

met. 

Section 11. Site Geodemographics 

A) Site Description 

At its previous peak use. the ECI site, East Chicago, was a 288 acre parcel of land within the northwestern 

portion of Lake County, Indiana located in a heavily industrialized area consisting of oil refineries, steel 

production facilities. and chemical companies. Its north property line initially went slightly north from where 

n m  stands an elevated extension of Indiana State Highway 912 (Cline Avenue), an east-west roadway which 

serves also as the southern boundary line for both Whiting, Indiana and the Amoco Oil Refinery. This 

refinery now also abuts the ECI site on most of its west side where the corporate limits of Hammond. Indiana 

begin. Indianapolis Boulevard, which runs north and south on the site's east border, has another refinery and 

oil reclamation business located on the opposite side of the street. The property south of the site is shared by 

two of East Chicago's Park District parks; Todd Park which includes a swimming pool, and MacArthur Park 

Golf Course. a nine hole golf course. 
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Sales or divestitures of parcels from the original site as well as Bankruptcy proceedings have resulted in the 

original ECI site now being smaller in size. What remains consists of several discrete parcels partitioned as a 

result of the Indiana Harbor Ship Canal and a railroad running through the property, each intersecting the site 

at right angles to the other as depicted on Site maps in the EIS. The B & 0 C.T. Railroad right of way which 

runs from the south to north at the westerly one-quarter side turns east near the northerly portion of the 

property line, the remaining parcel of the site to the north of the roadbed being in Whiting, Indiana. No 

portion west nor north from the railroad is being contemplated for use for the confined disposal facility 

(CDF). The parcel is again bisected by the Lake George Branch of the Indiana Harbor Ship Canal which runs 

westerly through the lower third of the site starting at the main channel. 

The larger portion north from the Lake George Branch contains about 151 acres. The proposed CDF is 

intended to occupy the northerly 133 acres of it. This 151 acre tract at one time was an oil refinery with an 

underground oil transportation network. The above ground structures have been dismantled and removed. 

However, the below ground pipelines and contaminated soils remain. These will be addressed during the 

Resource Conservation and Recovery Act (RCRA) closure of the site during the CDF's construction phase. 

The smaller parcel south across from the Harbor Canal is totally vacant, its south lot line abutting the park 

district. No project activities are planed for this parcel. To its south is the East Chicago Central High School, 

a school with about two thousand students, which continues further south until it meets Chicago Avenue. On 

the opposite side of Indianapolis Boulevard from the high school is another school, the West Side Junior High 

School whose student body contains another two hundred students. 
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B. Community Profile 

1. Geophysical Component 

All parcels of land abutting the ECI CDF site are zoned industrial with the exception of the Park District 

property. The closest residential area is three quarters of a mile south, on the south side of Columbus Drive. 

Another residential area is located one mile east, on the east side of Canal Street which forms the beginning 

of the Calumet Harbor neighborhood. There are no residential areas directly north from the site. A six square 

block neighborhood called Mark Town is located northwest about one and one-half miles distant from the 

site. Almost all the students from the neighborhoods south and east walk to the high school and junior high 

school without passing in proximity to the ECI CDF site. Students from Mark Town are bused to the schools. 

at Columbus Drive and Indianapolis Boulevard. The majority of lands between these residential 

neighborhoods and the ECI site are still being used for the production or transportation of oil. 

2. Socioeconomic Component 

Data from the 1990 federal census found the population of East Chicago to be predominantly Hispanic. The 

population was 47.8% Hispanic. with the remaining 52.2% almost equally divided among African-Americans 

and Caucasians. Household characteristics for East Chicago disclose that Hispanics occupied 39.5% of all 

households, African-Americans 34.876, and Caucasians and other minorities occupy the remaining 25.7%. 

The census data indicated that more than 25% of the City's inhabitants lived below the poverty level. When 

the same poverty level was applied to children under 18 years of age, more than 40% of those children were 

living below the poverty level. 

The 2.78 average of persons per household were living on a median family income of $24,511.00. That is not 

income per person within a household, but the combined median income for all inhabitants of the same 

household. The unemployment rate for men over 16 was 1570 and 13.5% for women, In 1990. 45.4% of the 

I i, -3 ' 1  ={: 2 
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area's housing units were owner occupied. 

These demographic data confirm that the proposed project is located within a predominately low-income and 

minority community, an area envisioned for or the application of environmental justice pursuant to the 

Presidential Order. Therefore, the analysis continues to the next level. 

m. Impact Analysis attributable to: 

A. Dredging 

The area around the dredging activity will be impacted. Motor vehicle traffic will increase in the proximity of 

'le Canal as equipment is brought in to service dredging operations or to maintain equipment. Traffic within 

the Canal will increase as barges move between the portions being dredged and the CDF. As a result, some 

delays in water, land and railroad transportation may be expected to occur as a result of traffic congestion or 

draw bridge operations. The aesthetic quality of the Canal may be slightly impacted when one views varied 

pieces of equipment. However, in most instances it will be commercial vehicles that encounter equipment 

actively engaged in the dredging operations that will be affected rather than community residents, since 

dredging activities are expected to be confined to daylight operations, and because other major arterial streets 

will be able to service the community's need to travel from the community to arterial roadways and 

expressways. 

Once the dredging is concluded, the resulting deeper channel will impact canal transportation, as large 

commercial ships will be able to access docks that are presently inaccessible. As the number of larger 

-commercial ships make greater use of the Canal, commerce at shoreline facilities and employment 

opportunities may increase. 
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The dredging is projected to prevent between four and five million cubic yards of comamimed sediments 

from reaching Lake Michigan. This reduction of contaminated sediments entering the Lake will improve 

benthic communities and their ingestion by others up the food chain, including humans, resuIting in 

potentially lowered exposure to contaminated sediments. The dredging will also reduce the risk of 

contaminated sediments adversely affecting the drinking water supply for the northwest Indiana area. 

The proposed action should not adversely affect recreational activities within or in proximity to the project, as 

there is little use of the Canal for swimming, fishing, boating or other activities. Once dredging is 

completed, marinas on the shore of Lake Michigan should experience improved conditions due to 

improvements to near shore water quality. 

B. Confined Disposal Facility (CDF) 

The short term ecolo_eical impacts of the disposal of the contaminated sediments on the northern parcel of the 

ECI site will be relatively neutral. This site appears to be of little community, economic or ecological 

significance, due to the past heavy industrial use and poor existing soil quality. Few animal species have been 

observed at the site. The turbidity of the Canal, boat traffic on it, and lack of suitable habitat in the ECI site 

seem to deter waterfowl from displaying real interest at the site. Although herbaceous plants, small trees and 

some shrubs are present at the site, almost all are of little ecological significance. The Site has little economic 

potential given the unresolved RCRA closure and corrective action requirements. 

) In the long term. however, the RCRA closure at both the CDF. and response at the other parcels at the ECI 

site contemplated to be undertaken in conjunction with this project. will substantially reduce both on-site 
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contamination and off-site migration of pollutants from the site to the Canal or to-adjacent properties. In 

addition, the total surface area of contaminated sediments will be reduced through disposal, which reduces 

potential environmental exposure. Another benefit would be to afford the Park District with a potential site 

should it proceed with plans to expand Todd Park northward toward the Canal. 

The deposition of sediments at the CDF appears to offer little risk that either surface water or drinking water 

would become pathways of contamination to members of the community. Waste waters resulting from 

progressive trenching and evaporation operations would be collected and treated on site in a regulated waste 

water treatment plant prior to discharge into the Canal. In addition, there will be virtually no opportunity for 

4ermatological contact or ingestion of dredged materials. 

The inhalation risk assessment found, under the worst case situation, that the low levels of PCB's and PAH's 

anticipated to be released by volatilization from the CDF into the air do not pose a threat to human health and 

the environment. The releases are not expected to noticably contribute to the ongoing air quality problems of 

the area. The odor threshold analysis conducted for this project indicates that the volitalized organics should 

not be noticable beyond the ECI CDF property boundary. The CDF will be fenced off and posted, and will 

have security guards preventing access. In addition. the barriers created by Cline Avenue and the fencing at 

the h o c 0  property line will provide additional access control at the site, preventing the site from being an L .  

attractive nuisance. 

Using the ECI site for the CDF offers an advantage over other potential parcels within the community 

. a a u s e  of its size and its economic unsuitability for other purposes due to contamination. The project will 

result in cleanup of the site, and will not take an uncontaminated parcel that could be put to higher use. 
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Overall, the proposed project reduces environmental risk in a number of ways. It removes the danger that the 

contaminated sediments could pose a health risk to inhabitants' supply of drinlung water. By removing the 

sediments. the risk of the contamination migrating into Lake Michigan to impact the fresh water supply 

intakes is substantially lessened. The project also addresses the RCRA cleanup required for the main refinery 

parcel. that currently remains open to the environment. Even assuming that the dredging will release 

contaminants from the CDF location, some release occurs from the canal under the current conditions with 

each significant rainfall. Currently. the contaminated sediments are located within East Chicago. in an 

uncontrolled state Finally. the management plan for the site requires compliance with RCRA reguiations to 

assure that hazardous wastes currently at the site are. addressed. Implementation of the project will assure 

closure of othe site in the near future. rather than at some indefinite time in the future and ai local taxpayer 

expense. 

For these reasons i t  is evident that the project could reasonably have a beneficial impact upon the local 

community taking into consideration the nature and extent of the risks that the community could be exposed 

to in its absence. Furthermore, any short-term negative impact would be substantially outweighed after the 

beneficial long-term consequence of the dredging project are taken into consideration. 

IV. Disproportionality 

Based on the preceding analysis, the effects of this project would not have a disproportionally high and 

adverse impact upon the inhabitants of East Chicago over that of other inhabitants.' The net impact of the 

t 

project should be positive with long-term benefits outweighing short-term impacts. Implementation of the 

, project would result in the sediments being removed from the uncontrolled environment in East Chicago to a 

controlled location. also within the City of' East Chicago. 
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Modeled loadings from the proposed site are not expected to noticably impact existing loadings from other air 

emission sources nearby. The implementation of this project will not adversely impact the low income or 

minority populations in the project area and will not cause a disproportionally high and adverse human health 

or environmental effect in East Chicago. 

Considering all these factors, the project does not present a net disproportionate impact to the community. 

V. Conclusion 

The projects identified in the Comprehensive Management Plan comport with the President's Executive Order 

and the Policy of the United States Environmental Protection Agency in implementing Environmental Justice. 
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1. INTRODUCTION ON G E N E W  CONFORMITY 

1.1 The 1990 amendments to the Clean Air Act (CAA) [42 United States Code 7401 et seq.] require 
Federal agencies to ensure that their actions conform to the appropriate State Implementation Plan (SIP). 
An SIP is a plan that provides for implementation, maintenance, and enforcement of the National 
Ambient Air Quality Standards (NAAQS), and includes emission limitations and control measures to 
attain and maintain the NAAQS. Conformity to a SIP, as defined in the CAA, means conformity to a 
SIP’S purpose of reducing the severity and number of violations of the NAAQS to achieve attainment of 
such standards. 

1.2 
applicable SIP. Thus, the purpose of this analysis is to document the determination of conformity of the 
Indiana Harbor Confined Disposal Facility (CDF) located in East Chicago, Indiana, to the Indiana SIP. 

The Federal agency responsible for an action is required to determine if its action conforms to the 

1.3 This conformity determination has been prepared in accordance with the final rule of the U.S. 
Environmental Protection Agency (EPA), Determining Conformi& of General Federal Actions to State or 
Federal Implementation Plans, published in the Federal Register on November 30, 1993. The general 
conformity rule [40 Code of Federal Regulations (CFR) Part 93, Subpart B] was effective January 31, 
1994. 

2. CONFORMITY BACKGROUND INFOFMATION 

2.1 Conformity provisions first appeared in the CAA Amendment of 1977. Although these 
provisions did not define conformity, they did address the association of Federal department activities with 
a SIP. The 1977 provisions stated that no Federal agency could engage in, support in any way or provide 
iinancial assistance for, license or permit, or approve any activity that did not conform to a SIP after its 
approval or promulgation. 

2.2 
content of the conformity provisions by defining conformity to an implementation plan. Spcitically, the 
language requires that a Federal agency cannot approve or support an action that: 

Section 176(c) [42 USC 7506~1 of the CAA Amendments of 1990 expanded the scope and 

(1) 
(2) 
or; 
(3) 
emission reductions or milestones. 

Causes or contributes to new violations of any NAAQS; 
Increases the frequency or severity of existing violations of any NAAQS, 

Delays the timely attainment of any NAAQS or any required interim 

2.3 
with the CAA’s air quality planning goals. The intent of the provisions is to foster long range planning 
for the attainment and maintenance of air quality standards by evaluating air quality impacts of Federal 
actions before they are undertaken. Federal actions are divided into transportation projects and non- 
transportation related projects. The “transportation conforxnity” regulations (40 CFR Part 5 1, Subpart T) 
govern projects developed or approved under the Federal Aid Highway Program or Federal Transit Act. 
Non-transportation projects, which include the Federal action planned for Indiana Harbor CDF, are 
governed by the “general conformity“ regulations discussed above. 

The purpose of Section 176(c) is to ensure that emissions from Federal actions are consistent 

3. GENERAL CONFORMITY DETERMINATION PROCESS 

The general conformity rule consists of three major parts-applicability, analysis, and procedure. These 
three parts are described in the following sections. 



3.1 Applicability 

3.1.1 Attainment Areas 

The general conformity rule applies to Federal actions occurring in air basins designated as nonattainment 
for criteria pollutants or in attainment areas subject to maintenance plans (maintenance areas). Federal 
actions occurring in air basins that are in attainment with criteria pollutants are not subject to the 
conformity rule. 

A criteria pollutant is a pollutant for which an air quality standard has been established under the CAA. 
The designation of nonattainment is based on the exceedanca or violations of the air quality standard. A 
maintenance plan establishes measures to control emissions to ensure the air quality standard is 
maintained in areas that have been redesignated as attainment from a previous nonattainment status. 

3.1.2 De Minimis Emissions Levels 

To focus conforrnity requirements on those Federal actions with the potential to have significant air 
quality impacts, threshold (de minimis) rates of emissions were established in the final rule. With the 
exception of lead, the de minimis levels are based on the CAA’s major stationery source definitions for the 
criteria pollutants (and precursors of criteria pollutants) and vary by the severity of the nonattainment 
area. A conformity determination is required when the annual net total of direct and indirect emissions 
from a Federal action, occurring in a nonattainment or maintenance area, equals or exceeds the annual de 
minimis levels. 

Table 1 lists the de minimis levels by pollutant applicable for Federal actions. The de minimis level for 
ozone applies to all precursor-volatile organic compounds (VOCs) and nitrogen oxides (NOJ. The 
proposed Federal action at Indiana Harbor will occur in an area designated as severe nonattainment for 
ozone and moderate nonattainment for PM-10 @artidate matter less than 10 microns). 

3.1.3 Regional Simificance 

A Federal action that does not exceed the threshold rates of criteria pollutants may s t i l l  be subject to a 
general conformity detemhation. The direct and indirect emissions from the action must not exceed 10 
percent of the total emissions inventory for a particular criteria pollutant(s) in a nonattainment or 
maintenance area. If the emissions exceed this 10 percent threshold, the Federal action is considered to be 
a “regionally significant” activity, and thus, general conformity rules apply. The concept of regionally 
significant is to capture those Federal actions that fall below the de minimis emission levels, but have the 
potential to impact the air quality of a region. 

3.2 Analysis 

3.2.1 
emissions from mobile and stationary sources, and emissions from any reasonably foreseeable Federal 
action. Indirect emissions include those emissions the Federal agency can practicably control and has 
continuing program responsibility to maintain control, and emissions caused by the Federal action later in 
time and/or farther removed in distance from the action itself, but that are still reasonably foreseeable. 
Reasonably foreseeable emissions are those from projected future Federal actions that can be quantiEied at 
the time of the conformity requirements and are included in the analysis. 

The conformity analysis for the Federal action examines the net impacts of the direct and indirect 

2 



Table 1- De minimis Pollutant Levels 
P o l l u t a n t  a n d  

A r e a  D e s i g n a t i o n  
Ozone (VOCs or NO& 

Tons/ 
Year 

Extreme Nonattainment Areas 
Other Ozone Nonattainment Areas Outside an 

Marginal and Moderate Nonattainment Areas 
Ozone Transpo rt Region 

Inside Ozone Transport Region: 

10 

100 

NO, 
Carbon Monoxide: All Nonattainment Areas 
SO2 or NOz: All Nonattainment Areas 

3.2.2 
sources (or locals) of volatile emissions are the resuspended sediments within the canal water around the 
dredging operation, dredge material during transport to the CDF, and the drying dredged material, once 
placed in the CDF. The volatile emissions are covered in the following sections. The PM-10 emissions 
are presented in Section 3.2.11 and include particulate emissions during construction and operation of the 
CDF. 

The direct and indirect emission sources for this project include VOCs and PM-10. The three 

100 
100 
100 

3.2.3 
used (Thibodeaux, 1989; Semmler, 1990; Meyers, et al, 1994). Parameters used in the models were either 
taken from from the USEPA's office of Air Quality, Planning and Standards (QAQPs) WATER8 
database, the operational aspects described in this EIS, or defined through labratory analysis 
(Environmental Laboratory, 1987). The aformentioned references describe the movement of chemicals 
through environmental media (soil (sediment), water, and air). The following several sections will 
describe the equations used to model VOC emissions. For an indepth discussion of the equations 
described below the reader should consult the references. However, it is important to note at this time that 
volatile emissions from the exposed sediment surface, within the CDF (Section 3.2.5, Equation (6)) are 

1 
based on a function of the reciprocal of the time (-) of exposure. Basically, this means that the initial, 

or instantaneous flux rate (t is near zero) is highest, and decreases by the reciprocal of the square root of 
time. Therefore, the average flux rate from the exposed sediment surface in the CDF is based on the 
amount of time that expires between the placement of sediment lifts. This t i m e h e  is expected to range 
from 2-4 years, as noted in Table 3 for t( 1). 

In order to estimate the VOC emissions from the dredged material, mathematical models were 

JT 

Serious Nonattainment Areas 
Pb: All Nonattainment Areas 

3 

70 
25 



3.2.4 Emissions From Ponded Water Surface During Dredging 

N, = Flux through air - water interface around dredge, g /  cm2 * hr 
KO, = Overall liquid phase mass - transfer coefficient , cm / hr 
C, = Dissolved contaminant concentration , g / cm3 
C; = Hypothetical dissolved concentration in equilibrium with air , g / cm3 

-. 

C, = Bulk contaminant concentration in sediment ,mg / kg 
C, = Suspended Solids conc . in surface water around dredge, kg / I 
Kd = Equilbrium distribution coefficient , I / kg 

K, = Organic carbon partition coefficient , I / kg 
f, = Sediment fiaction organic carbon content , dimensionless 

(0.544log K0,+1.377) K, = 10 

K, = Octanol water partition coefficient, dimensionless 

KO, = 19.6Vx2'"D,0'667 

V, =Wind speed,mph 
0, = Molecular dfisivity of chemical in water ,cm2 / sec 

(4) 

'For some chemical compounds laboratory defined values of & were used. See section on laboratory 
defined &'s 
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3.2.5 Emissions From Exposed Sediment Surface in CDF 

( CSH -cm) 
lOOOK, 

1 N S = 2 x  

I I  I 7Pt I 1  +- [ [ I  DA3 ('1 +%) 1 KG2 

N, = Flux through sediment - air interface in CDF ,mg / cm2 * sec 
H = Henry' s law constant, dimensionless 
C, = Background concentration of chemical at sediment - air inter€ace,mg / cm3 
t = Time since initial exposure , sec 
E, = Air filled porosity , dimensionless 
pb = Sediment bulk density, kg / I 
DA3 = Effective df is ion coefficient ,cm2 / sec 

K,, = Gas side mass transfer coefficient , cm / sec 

E = Total sediment porosity, dimensonless 

FK Re = - = Reynolds number , dimensionless 

S, = 5 = Schmidt number , dimensionless 

V, = wind speed, cm / sec 
DA1 = Molecular diffisivity of chemical in air ,cm2 / sec 
F = Fetch length, cm 
v, = Kinematic viscosity of air , cm2 / sec 

via 

DAl 
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3.2.6 Emissions From Exposed Sediment During Transport 

N ,  = K,,p, [ ) 
N ,  = Flux through sediment - air interface during transport , g / cm2 * sec 
KoG = Overall gas - side mass transfer coefficient ,cm / sec 

p, = Density of air, g / cm3 

PA = Background partial pressure of chemical , mm Hg 
P = Total atmospheric pressure, mm Hg 

= Partial pressure of chemical in equilbrium with sediment , mm Hg 

L, = Vessel length, cm 

Pi, = ,,OH[ -)Cw RT 
MA 

R = Gas constant,atm*cm3 /mol*"K 
T = Temperature,"K 

3.2.7 Laboratory defined Kd)s (l/kg) 

The Equilibrium distribution coefficient, &) was either laboratory defined (Environmental Laboratory, 
1987), or calculated using equation (3) and a value of K, taken from the USEPA WATER8 database. 
The laboratory defined values were completed on Indiana Harbor sediment and are provided in Table 2. 

Table 2 - Laboratory Defined & Values 
1 

Parameter Kd Parameter Ki 

Naphthalene 14,280 Acenapthene 4,510 
Fluorene 5,620 Phenanthrene 12,650 
Anthracene 14,130 Fluoranthene 25,100 
Pyrene .- 25,600 Chrysene 20,380 
B e r n  (a) anthracene 21,740 Benzo (b) fluoranthane 20,470 
Benzo (ghi) pexylene 4,680 Benzo (a) Pyrene 17,400 
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3.2.8 Discussion of Variables 

3.2.8.1 This section provides a discussion of the assumptions made in defining variable values. In all 
cases, conservative values (values on the high end of a realistic range) were used to maximize the 
estimated volatile losses. The variables used in the model, and assumptions used to define the variables 
are provided in Table 3. 

Table 3 - Assumptions made to Define Variables 
Value 

see input 
table 

0 

800 mg/l 

10 mph 
3.2E+7 sec 

(1 Yr) 

720 hr 

720 hr 
4.29E+5 

2,917 (m2) 

2200 (m2) 

See Table 
5 

Variable 

Values taken from USEPAS Office of Air Quality Planning and Standards 
WATER8 database. 

All background wncentrations/pressure are assumed to be zero. This is a 
conservative assumption which maximizes the gradient driving force and 
thereby maximizes flux. 
The suspended solids concentration around the dredge was modeled at the 
upper range of 500-800 mg/l (standard Clamshell). These are values at the 
bottom of the water column within 50 feet of dredge. Samples higher in 
the water column and further away were only slightly above background. 
(EIS, Appendix H-18). For this project a “close bucket” Clamshell will be 
used, therefore, this is a conse&tive assumption which maximizes flux. 
Typical range for this area is 8-12 mph 

The CDF is divided into 3 cells. Although filling will OCN almost yearly, 
each cell will dry fkom 2 4  years. Therefore, averaging flux over a year 
time frame is a Conservative assumption which maximizes f lux In 
addition, the total yearly flux ( t o m )  is based on continuous volatilization 
for 12 months. There is likely to be little or no flux during winter months. 
A dredging operauon will last about 3 months. Conservatively, this 
variable was d e h e d  by assuming that dredging will operate 8 hr per day 
over the entire timehme (960 hr = 8 hr/d x 30 dmo x 4 mo.) There will 
be down time (Q-pically, >25%) during the dredging operation, therefore 
this assumption maximizes flux. 
See comment above 
This is the mazrimum exposed surface area (all 3 cells) over the life of the 
CDF. The actual exposed surface area will vary over time, therefore, this is 
a conservative assumption which maximizes flux. 
Based on a circular influence with a 200 ft diameter. As noted in the 
comments for C@) this is a conservative assumption which maximizes 
flux. 
Based on 2 large 1200 ton scows (195ft ?I 30fi) and approximately 50 large 
trucks (loft x 20 ft) transferring sediment and operating at t(2) above. This 
is a conservatiw assumption which mavimizes flux. 
Dredging volume weighted average sediment concentration based on 
USEPA 1992 sediment sampling data (USEPA, 1992A). 
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3.2.9 Discussion of VOC Results 

3.2.9.1 Table 4 provides a definition of all input parameters to the model. Table 5 provides the values 
used in the model and the calculated emission rates. The estimated flux from the different locales is 
provided below: 

N, air-water interface around dredge 0.00321 g/m2 hr (0.010 to-) 
Nt sediment-air interface during transport 0.0397 g/m2 hr (0.092 to-) 
N. sediment-air interface in CDF 0.00185 glm2 hr (7.67 t o m )  

The VOC flux from the sediment-air interface during transport provides the highest rate, however, since 
the exposed surface arw and time for emissions to OCCUT is much less than for the CDF locale, the annual 
VOC loss is substantially less. It is clear that the CDF locale is the only locale that produces any 
considerable VOC losses. A conservative estimate, using the assumptions provided, of VOC losses is 7.8 
tow. This is below the de minimus threshold of 25 to& yr. In order to m;urimiZe potential losses a 
flux rate based on a 3 months (90 days) averaging time t(l), which would represent a dredgingldisposal 
operation, was also calculated. In this scenario it was assumed that there was a continous loss for 8 
months at the 90 day flux rate. This provided an estimated annual VOC-loss of 10.1 tons/yr, still well 
below the threshold value. Information from IDEM shows a VOC emission inventory (1990) for this area 
of about 200 tons/ summer day. The estimated VOC emissions from the proposed project (7.8 tons/ yr) 
are below the 10% threshold, and therefore, the Federal action 
significant" activity. 

3.2.10 Restraints on Solubility and Vapor Pressure 

considered to be a "regionally 

3.2.10.1 In equation (1) the dissolved contaminant concentration, c, can not exceed the solubility (C) of 
the chemical . Therefore, in the model output when the column heading "Is C(w) C" replies NO, then 
chemical solubility is used to calculate N ,  . 

3.2.10.2 In equation (6) the term CrH represents the equilibrium sediment chemical ah 
lOOOK, 

concentration. This values can not exceed the pure component vapor pressure which can be converted to a 

mncentration as such, 

C(s)H/lOOOK(d) < P*(A)MA/RT" replies NO, then the pure component vapor pressure, converted to a 
concentration is used to calculate N ,  

. Therefore, in the model output when the column heading "Is PA, MA 
RT 

3.2.10.3 In equation (9) the partial pressure of the chemical in equilibrium with the sediment, PA*, can not 
ex& the pure component vapor pressure pi. Therefore, in the model output when the column heading 
"Is P*(Al) < P*(A)" replies NO, then the pure component vapor pressure is used to calculate N, 

8 



Table 4 - Model Input Parameter Definition 

t(2) Time for pondcd flux (hr) . V(z) Wind velocity in (cm/scc) 
- t(3) T i m  for scdirnciil during transport (hr) S(C) Scliniidt Number (diniciisionlcss) 
P(b) Sediment bulk density (kg/l) N(0 Flux from sediment during barge transport (g/cm2*sec) 
F CDF fetch lciigth (cm) K(og) Overall gas-side MTC (cdsec) - barge transport 
V(a) Kinematic viscosity of air (cm2/sec) P*(AI) Partial pressure of contaminant in equilibrium with sediment (mm Hg) 

P(A) Background pressure of contaminant (mm Hg) P(1) Density of air (g/cm3) 
C(ai) Background air conc (mg/cm3) P(A) Background partial pressure in air (mm Hg) 
C(w*) Hypothctical water conc. (g/cm3) P Total atmospheric pressure (mm Hg) 
C(s) Bulk sediment contaminant conc. ( m a g )  L(v) Vessel length (cm) 
C(p) Suspended solids around dredge (kd) A (1) CDF Sediment exposed surface area (m2) 
K(d) Equilibriuiii distribution coemcient (Vkg) 
V(x) Wind velocity (mph) A(3) Bargehck  surface area (m2) 
D(w) Molecular difftisivity in water (cm2/sec) N(w) Flux from ponded surface around dredge ((g/m2*lir) 
M(A) Molecular weinlit (dmol) K(ol1) Overall liauid Dliase MTC (cm/hr) 

A(2) Ponded surface area around dredge (n12) 

I P*(A) Pure coinponent Vapor pressure (arm) 
~ ~ ~~ 

C(w) Dissolved contaminant concentration fdcin3) 
I 
R Gas Constant (atm*cm3/mol*K) H Henry's Law constant (dimensionless) 
T Temperature (K) K(L) liquid-side MTC (cnl/sec) 
C Solubility i n  water (dcm3) V(Y) Wind velocitv in (idsec) 

\o 

I V(curr) River velocity (m/sec) K(G) Gas-side MTC (cm/sec) - Ponded surface 
Z Water depth (m) K(o12) Overall liquid phase MTC ( c d i r )  
D(A1) Molecular diffusivity in air (cm2/sec) N(s) Flux from exposed sediment in CDF (g/m2*hr) 
I E( 1) Air fillcd porosity (dimcnsionlcss) D(A3) EITcclive diffusion cocficienl ~cm2lsec~ 
l e  Totill scdiiiicrit Dorositv (dimcnsioiilcss) K(G2) Gas-side MTC ( C I ~ S C C )  - exDosed sctliriicnt SIirfiiCC 

I t (1) Time for exposed sediment in CDF (sed R(e) Reynolds nuniber (dimensionless) 



prlnt 

Table 5 - VOC Model InputlOutput Results 
Paramdors Entrrsd 

Chwnlcal 

g Acenaphthene 
Acenaphthylene 
Anthracene 
Benzene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,l)perylene 
Benzo(k)fluoranthene 
bls(2-Ethylhexy1)phthalate 
Butanone-2 
Chloromethane 
Chrysane 
Di-n-ootylphthalate 
Ditenzofuran 
Ethylbenzene 
Fluoranthene 
Fluorene 
mpxylenes 
Methylnaphthalene-2 
Naphthalene 
o-Xylene 
Phenanthrene 
R/rem 
styrene 
Toluene 

Total 

0 P(A) 

0 C(W') 
0 C(a1) 

8.00E-04 C(p) 
10 V(x) 

82.1 R 
298 T 

0.3048 V(cun) 
7 2  

0.3 E(l) 
0.7 E 

3.15€+07 t (1) 

Background prmrurs of wnlamlntrnt mm Hg 
Background air conc (mglcm3) 
Hypothetical water mnc. (glcm3) 

Suspended 6011ds around dredge (kg) 
wind velocity (mph) 
Gas Constant (atm%m3/mol'K) 
Temperature (K) 

Watetdepth (m) 
Air filled porosity (dlmenslonless) 
Total Bedlment porosity (dlmenslonless) 

l ime for exposed sedlment (sec) 

river velocity ( m l S e C )  

960 l(2) 
960 t(3) 
1.2 P(b) 

55,000 F 
0.1508 V(a) 

0.001 P(1) 
0 P(A) 

760 P 
5,950 L(v) 

429,000 A (1) 
2,917 A(2) 
2,200 A(3) 
0.14 f(0c) 

Time for ponded nux (hr) 
Time for Bedlment durlng transport (hr) 
Sediment bulk density (I(@) 
CDF fetch length (cm) ' 

Kinematic vlscOetty c4 air (cd2/sec) 
Density of sir (glcm3) 

Background partial pregsufre In alr (mm Hg) 
Total atmosphrlc pressure (mm Hg) 
Vessel length (cm) 

CDF Sediment e@ surface area (m2) 
Ponded rurfew a m  around dredge (m2) 
Bargeltruck rutlaw a m  (m2) 
Fraction organlc carbon In redlment 

C(s) D(W W) PYA) D(A1) H (dlmanrl 
(mglkg) log K(ow) K(d) (Vkg) (cmUuc) (@mol) (ah) C (gkm3) (cmZ/src) onless) 

28.87 
102.06 
56.57 
4.99 

51.40 
38.50 
48.33 
37.30 
23.31 
30.30 
0.66 
0.13 

49.52 
33.90 
43.79 
0.90 

130.23 
67.79 
9.74 

92.08 
939.27 

2.94 
184.13 
105.77 

5.10 
9.52 

2097.08 

3.92 
4.07 
4.45 
2.15 
5.61 
5.98 
6.84 
7.23 
6.64 
5.3 

4510.00 
546.02 

141 30.00 
49.29 

21 740.00 
17400.00 
20470.00 
4880.00 

17542.36 
2548.75 

5.61 
9.2 
5.7 

3.15 
5.33 
4.18 

3.2 
4.13 
3.37 
2.95 
4.48 
5.18 
3.16 
2.69 

20380.00 
337231.42 

4206.57 
172.48 

25100.00 
5620.00 

183.62 
588.64 

14280.00 
134.25 

12650.00 
25600.00 

174.65 
96.04 

7.69E-06 
7.53E-06 
7.74E-06 
0.80E-06 
9.00E-06 
9.00E-06 
5.58E-06 
5.26E-06 
5.56E-06 
3.66846 

6.21E-06 
3.58E-06 
6.00E-06 
7.80E-06 
6.35E-06 
7.88E-08 
7.80E-06 
7.84E-06 
7.50E-06 
1.00E-05 
7.47E-06 
7.24E-06 
8.00E-06 
8.60E-08 

154.21 6.58E-06 
152.21 3.02E-05 
178.23 1.71E-09 
78.10 1.25E-01 

228.30 1.07E-10 
252.30 7.47E-07 

276.34 1.32E-13 
252.32 1.26E-13 
390.56 2.63E-14 

252.32 2.06EtOO 

228.20 7.58E-13 
390.56 6.38E-12 
222.00 8.61E-06 
106.20 1.32E-02 
202.00 2.33E-05 
166.00 2.24E-05 
106.16 1.05E-02 
142.19 8.91E-05 
128.20 3.03E-04 
106.20 9.21E-03 
176.22 2.76E-07 

104.20 9.61E-03 
92.40 3.05E-02 

202.30 5.53E-12 

3.42E-06 
3.93E-06 
1.29E-08 
1.78E-03 
1.00E-08 
3.00E-00 
2.58EtOl 

3.00E-07 
4.00E-07 

2.60E-10 

6.00E-09 
2.85E-07 
4.80E07 
1.52E-04 
3.00E-07 
2.00E-06 
2.00E-04 
2.18E-04 
8.03E-05 
1.75E-04 
8.10E-09 
2.00E-06 
3.00E-04 
5.15E-04 

4.21E-02 

3.24E-02 
4.39E-02 

8.80E-02 
5.1OE-02 
4.30E-02 
2.26E-02 

2.26E-02 
3.51E-02 

2.01E-02 

2.48E-02 
1.51E-02 
2.6 7 E -0 2 
7.50E-02 

3.60E-02 
7.00E-02 

3.02E-02 

4.80E-02 
5.QOE-02 
8.70E-02 
3.33E-02 
2.72E-02 
7.10E-02 
8.70E-02 

3.15E-01 
4.66E-03 
2.76EtO0 
2.27E-01 
5.64E-06 
S.84E-08 
8.21E-04 
5.71E-06 
4.37E-08 
1.23E-05 

4.82E-08 
5.60EtO0 
1.63E-01 
3.22E-01 
2.74EtO0 
4.78E-03 
3.04E-01 
2.37E-03 
1.97E-02 
1.99E-01 
2.47E-01 
2.86E-07 
1.08E-01 
2.82E-01 

1.29EtO0 
1.27EtO0 
1.30EtOO 
1.52EtOO 
1.43EtOO 
1.43Et00 
1.04EtO0 
1.00Et00 
1.04EtO0 
7.87E-01 

5.01E-09 
5.68E-08 
3.68E-09 
3.84649 
2.24E-09 
2.08E-09 
2.23E-00 
6.2QE-09 
1.24E-09 
7.98E-09 

1.12EtO0 2.29649 
7.78E-01 1.00E-10 
1.09E40 8.03E-09 
1.30EtO0 6.29E-10 
1.14EtOO 4.94E-09 
1.31EtOO 9.87E-00 
1.30EtO0 6.79E-09 
1.31EtOO 5.0lE-08 
1.27EtO0 6.05E-08 
1 . 5 4 E G  2.12E-09 
1.27EMO 1.32E-08 
1.24EMO 3.94E-00 
1.33E+00 3.58E-09 
1.39EMO 7.06E-09 

1.55E-03 
1.62E-03 
1.20E-03 
3.25E-03 
1.88E-03 
1.5QE-03 
8.34E-04 
7.41E-04 
8.34E-04 
1.29E-03 

9.15E-04 
5.57E-04 
9.85E-04 
2.77E-03 
1 . l  1 €43 
1.33E-03 
2.58E-03 
1.77E-03 
2.18E-03 
3.21E-03 
1.23E-03 
1.00E-03 
2.62E-03 
3.21E-03 



Chemlcal 

Acenaphtherm 
Amnaphthylene 
AnthECi?fW 
Benzene 
Benzo(a)anthtacene 
Benzo(a)wrene 
Benzo(b)fluoranthene 
Benzo(g.h.l)pery(ene 
Benzo(k)fluoranthene 
Ms(2-Ethylhexyl)phthalate 
Butanone2 
Chloromethane 
Chrysene 
Di-n-cctyiphthalate 
Dibenrofuran 
Ethylbenzene 
Fluotanthene 
Fluorene 
m, pXyienes 

Naphthalene 
O - X W  
Phenanthrene 
R/refW 
Styrene 
Toluene 

Total 

E Methylnaphthalene-2 

1.57E-01 1.63E+O8 
1.61E-01 1.63E+08 
1.32E-01 1.63Et08 
2.56E-01 1.63Et08 
1.78E-01 1.63E+08 
1.59E-01 1.636+08 
1.03E-01 1.63E+08 
9.57E-02 1.63€+08 
1.03E-01 1.63E+08 
1.39E-01 1.63€+08 

l.lOE-O1 1.63€+08 
7.90E-02 1.63E+08 
1.16E-01 1.63E+08 
2.30E-01 1.63E+08 
1.25E-01 1.63€+08 
1.41E-01 1.63€+08 
2.20E-01 1.63Et08 
1.71E-01 1.63E+08 
1.96E-01 1.63E+08 
2.54E-01 1.63E+08 
1.34E-01 1.63EM8 
1 .17E-01 1.63E+08 
2.22E-01 1.63E48 
2.54E-01 1.63Et08 

447.02 
447.02 
447.02 
447.02 
447.02 
447.02 
447.02 
447.02 
447.02 
447.02 

447.02 
447.02 
447.02 
447.02 
447.02 
447.02 
447.02 
447.02 
447.02 
447.02 
447.02 
447.02 
447.02 
447.02 

3.58 
3.44 
4.65 
1.71 
2.96 
3.51 
8.67 
7.50 
6.67 
4.30 

6.08 
9.99 
5.65 
2.01 
4.99 
4.19 
2.15 
3.14 
2.56 
1.73 
4.53 
5.54 
2.12 
1.73 

2.43E-01 
2.50E-01 
2.04E-01 
3.99E-01 
2.77E-01 
2.47E-01 
1.60E-01 
1 .&E41 
1.60E-01 
2.15E-01 

1.71E-01 
1.22E-01 
1.79E-01 
3.58E-01 
1.95E-01 
2.19E-01 
3.42E-01 
2.66E-01 
3.05E-01 
3.96E-01 
2.08E-01 
1.82E-01 
3.45E-01 
3.96E-01 

1 M E 0 4  
3.23E-05 
1.06E-03 
2.07E-04 
1.03E-09 
8.58E-12 
1.35E-07 
2.42E-09 
4.00E-12 
4.67E-09 

9.00E-12 
2.67E-05 
l.lOE-04 
3.55E-05 
1.25E-03 
5.29E-06 
3.81 E-04 
1 S5E-05 
1.73E-04 
7.41 E05 
3.42E-04 

6.78E-05 
3.73E-04 

1.04E-IO 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 
YES 
YES 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
No 

YES 
YES 
YES 

YES 
YES 
NO 
YES 
YES 
YES 
YES 
NO 

YES 
NO 

YES 
No 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
No 
YES 
YES 
YES 

Total 

YES 
YES 
No 
YES 
YES 
YES 
YES 
No 
YES 
No 

YES 
No 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
No 

YES 
YES 
YES 

6.47E-05 
7.24E-04 
4.77E-05 
5.83E-05 
3.21505 
2.96E-05 
2.32845 
2.61E-06 
1.29E-05 
6.28E-05 

2.56505 
7.77E-07 
8.79E-05 
8.21E-06 
5.62E-05 
1.30E-04 
8.86E-05 
6.55E-04 
7.68E-04 
3.27845 
1.03E-04 
4.89E-05 
4.75E-05 
9.83E-05 

3.21E-03 

7.51E-05 2.19E-03 
9.42E-05 3.83E44 
2.44E-07 1.26E-05 
1 S3E-04 3.92E-03 
1.07E-07 1.35E-08 

1.92E-08 1.02E-06 
1.34E-09 1.OOE-10 

4.84E-09 7.02E-10 
4.12E-10 3.04E-11 
1.22E-09 2.04E-10 

8.83E-10 7.27E-11 
4.64E-09 2.81E-08 
6.75E-05 9.31E-04 
1.61E-05 6.02E-04 
3.59E-04 1.15E-02 
I .75E-05 5.48E-05 
1.59E-04 5.85E-03 
6.08E-035 1.95E-04 
3.99E-04 2.50E-03 
5.08E-05 1.39E-03 
1.28E-04 2.07E-03 

5.09E-05 1.11E-03 
2.22E-04 6.99E-03 

1.85E-03 3.97E-02 

8.95E-09 8.91E-10 

2.02% 
22.58% 
1.49% 
1.82% 
1.00% 
0.92% 
0.72% 
0.08% 
0.40% 
1.96% 

0.80% 
0.02% 
2.74% 
0.26% 
1.75% 
4.04% 
2.76% 

20.43% 
23.95% 
I .02% 
3.20% 
1.52% 
1.48% 
3.06% 

4.05% 
5.08% 
0.01% 
8.25% 
0.01 % 
0.00% 
0.10% 
0.00% 
0.00% 
0.00% 

0.00% 
0.00% 
3.64% 
0.87% 

19.36% 
0.95% 
8.80% 
3.28% 

21 35% 
2.74% 
6.78% 
0.00% 
2.75% 

1 I .99% 

5.53% 
0.97% 
0.03% 
9.87% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

0.00% 
0.00% 
2.35% 
1.52% 

28.95% 
0.14% 

14.74% 
0.49% 
6.30% 
3.50% 
5.21% 
0.00% 
2.80% 

17.61% 

lM).W% lM).OO% 100.00% 

C(w), C in unlts d glcm3; P*(Al), P.(A) In u n h  of atm; C(s))wl000K(d), P*(A)MAIRT In units d mglcm3 

I. 

INDHAR2A.XLS 



3.2.11 PM-10 Emissions 

3.2.11.1 Introduction 

The particulate emissions from the proposed CDF were calculated based on the preliminary design presated in the 
draft Environmental Impact Statement. The formulas used to calculate the emissions are from Supplement B, 
AP-42, Compilations of Air Pollutant Emission Factors. 

The particulate emissions from the proposed CDF have been divided into two parts. The hrst part includes the 
construction of the dike walls and the second part includes the operation or filling ofthe CDF with dredged 
material. 

3.2.11.2 Construction 

The major construction of the CDF will take place during the first two years when the first stage of the dike walls 
are built. The construction will be staged over a time period of six months during each year. The first stage of the 
dike walls for the SW cell will be constructed the first year and the walls for the N and SE cells will be constructed 
during the following year. The worst case or maximum particulate emissions would occur during the second year 
because the construction acreage is larger than the first year. The emission factor for heavy construction 
operations was used because it best suited the construction operation. Howeyer, the emissions estimate wil l  be 
conservative because the heavy construction operations described in AP-42 include land clearing, blasting, and cut 
and fill operations and these operations would not OCN during construction of the CDF. 

The emissions during construction of the N and SE cells is estimated to be 41.7 tonslyear. Table 6 presents the 
Calculations. 

3.2.11.3 ODeration 

Sediment from Indiana Harbor and canal will be dredged and placed in barges or scows. The barges will be 
unloaded at the ECI facility from the canal using a clamshell bucket and placed into trucks or onto conveyor belts. 
It wil l  be assumed that trucks are used because that will generate the highest particulate emissions. The trucks wil l  
transport the dredged material to the CDF using haul roads and the CDF dike walls. The material will be placed 
into the cell and the truck will return to the barge for an additional load. In the mean time, the material will be 
reworked in the cell by a bulldozer. The bulldozer nil1 spread and distribute the material around in a manner to 
promote dewatering. It is estimated that the dredging operation will last for four months of the year. Just as the 
construction of the cells alternated, the filling of the cells with dredged material mil l  alternate. The worst or 
maximum emissions will occur on the years that the N and SE cells are filled. The following emissions were based 
on the volume of sediment dredged when those two cells are filled concurrently. 

Four sources were considered for the total emissions generated during the operation of the CDF. The sources are 
as follows: 

1) Handling the wet sediment (lifting from the barges into trucks and dropping loads from the trucks into the 

2) Dump trucks traveling on unpaved roads; 
3) Reworking of the dredged material inside the CDF by a bulldozer, and 
4) Particulate emissions from exposed sediment in the CDF. 

CDF); 

Starting with the first source, the following discussion will provide the emissions from Table 6 and assumptions 
made to arrive at the emissions. Conservative numbers were used for the assumptions. The emissions from 
handling the wet sediment are approximately 0.3 tondyear. The emissions from the dump trucks hauling the 
dredged material are conservatively estimated at 1 t o e e a r .  Although the silt and clay content @articles less than 
10 microns) of the haul road construction material could range from 10 to 30 %. it was assumed to be 30 %. Also, 
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Table 6 - PM-10 Emission Calculations 

CONSTRUCTION 
Emission factor (En = 1.2 tons per acre (from AP-42. p. 11.2.4-1, Supplement B) 

Calculating emissions, tonslyr 
Emissions = 1.2 x acres of construction (per month) x months of construction 

acres of dike (N & SE cells) = 35 
acres of construction (per month) = 

Emissions = 4 1.7 tonstyr 
5.80 

Maximum Yearly Total for Construction 41.7 TONSNR 

OPERATIONS 
1. Handling wet sedirnnnt (lifting Into trucks and dropping Into CDF) 
Calculating emission factor (EF) per ton of sediment (from AP-42, p. 11.2.3-3, Supplement B) 
EF = (k'0.0032 ((ufi)' 1.3)U((m/2)- 1.4) 

k =particle she multiplier 
u-mean wind speed, mph 
m =moistwe content, % 

0.35 (AP-42, < 10 urn) 
10 (Table 4, App T) 

0.5 Vable E-3) 
EF = 0.02 lblton wet sediment 

Calculating emissions, tons/yr 
Emissions = EF times tons of sediment hauledlyr times number of times handled 

tons of sedimentlyr = 17,000 (Cost Engineering) 
number of times handled = 

0.3 tonlyr 

2 
Emissions = 663 b/yr 

- - 0.3 tons/yr 

2. Dump trucks on unpaved roads 
Calculating emission factor (En per mile (from AP-42, 11.2.1-1. Supplement B) 
EF = k'5.9 (sll2) (Sl30)' ((Wt13) ' 0 .7 )  ' ((W14)^0.5) '((365p)/365) 

k =particle size muttiplier 0.36 (AP-42, < l o  urn) 
s =silt & clay content (wet), % 
Assumed dump truck is D230B Caterpillar (Cost Engineering) 
S=speed, mph 20 (Cost Engineering) 
Wt =vehicle wt (full), tons 33.5 (Cost Engineering) 
w =number of wheels 6 (Cost Engineering) 
p=days precip > 0.01" 

0.3 (GeoTech) 

1 1  6 (Hydraulic Engineering) 
EF = 0.16 lblmile 

Calculating emissions, tons/yr 
Emissions = EF times miles traveled per year 

Emissions = 1,970 Iblyr 
miles traveled = 12,300 (Cost Engineering) 

- - 1 .o tons/yr 1 .O tonstyr 

3. Reworking of dredged materhl In CDF by bulldozer (equate to tilling soil) 
Calculating emisson factor (EF) per acre (AP-42, p. 1 1.2.2-1, Supplement B) 
EF=k*4.8*(s'0.6) 

0.21 (AP-42, <10 urn) 
0.1 6 (Figure E-5) 

k = particle size multiplier 
s =silt 8 clay content, % 

EF = 0.336 lblacre 

Calculating emissions, tonstyr 
Emissions = EF times acreslyr 

Emissions = 0.037 tonslyr 
acreslyr = 218 (CDF plan view) 

0.04 tonslyr 

4. Particulate emlsslons from exposed dredged mat'l In the CDF 
(reference Risk Analysis of draft €IS, Appendix T. Table 141 

Emissions = 5,395 lblyr (Table 14, App T) 
- - 2.70 tonslyr 2.70 tonslyr 

Maximum Yearly Total for Operation 4.0 TONSNR 
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the 111 weight of the truck was used for the round-trip distance instead of the weight of a full truck to the CDF and 
weight of an empty truck for the return trip. The next source is from the bulldozer which will rework the dredged 
material after it is placed in the CDF by the trucks. This operation was estimated to produce the same emission as 
agricultural tilling for lack of a better comparison. The emissions are estimated at 0.04 tomslyear. The highest 
source of emissions, 2.7 tonslyear, is from wind erosion of the exposed dredged material in the CDF. This was 
calculated in the Inhalation Risk Assessment presented in Appendix T of the draft Environmental Impact 
Statement. The total emissions during operation is approximately 4 tonslyear. 

3.2.11.4 Total PM-10 Emissions 

Construction of the dike wal ls  will not always OCCUT concurrently with operation of the CDF. In addition, the 
emissions presented above include the maximum acres of construction and the maximum amount of dredged 
material placed in the CDF which will occur during the beginning. As the CDF increases in height, the inward 
slope of the dike walls will cause a decrease in construction area and volume of dredged material. 

Adding both of the emission totals together, the maximum emissions is 46 tondyear. However, both the 
construction and operation emissions are based on the N and SE cells because the two cells are larger than the SW 
cell. Since the construction and filling of the two cells will not occur within the same year, the total emission fiom 
construction and operation is conservative. In fact, after the first eight years of operation, the filling pattern will 
change. Filling of the cells will change to a four year cycle. A different cell of the three cells will be filled each 
year, and no filling wil l  OCCUT during the fourth year. Therefore, the emissions of 46 t o w e a r  are mmemtive. 

The ECI site is located in northwest Indiana which is a moderate non-attainment area for PM-10, therefore, the 
PM-10 emissions from the project cannot exceed 100 tonslyear. With a conservative maximum estimate of 46 
tonslyear, the particulate emissions does not exceed the annual limit. IDEM reported that the PM-IO inventory 
(1990) for this area is 16,611 to-. The PM-10 estimate for the project is less than 10% of the annual inventory, 
excluding the project as a regionally significant activity. 

3.3 Procedure 

Procedural requirements of the conformity rule allow for public review of the Federal agency’s conformity 
determination. Although the conformity determination is a Federal responsibility, state and local air agencies are 
provided notification and their expertise consulted. No documentation or public participation is required for 
applicability analyses that result in de minimis determination. 

The Federal agency must provide a 30day notice of the Federal action and draft conformity determination to the 
appropriate EPA Region, and State and local air control agencies. The Federal agency must also make the draft 
determination available to the public to allow opportunity for review and comment 

4. ODOR ANALYSIS 

4.1 
analysis was completed. A literature review was conducted to determine odor thresholds in air, andlor background 
air concentrations for the chemical compounds modeled in the VOC analysis. Several compounds were identified 
from the available information, these include Benzene, m,p-Xylenes, Naphthalene, o-Xylene, Styrene, and 
Toluene. As shown in Table 7 the VOC emission rate for all six chemical compounds is highest for the CDF 
sediment locale (N(s)). In addition, these six chemical compounds were estimated to produce 55.8% (Table 5 )  of 
the total VOC emissions from this local. 

In order to address the potential for odors to emanate from the dredgingldisposal operation, an odor 

4.2 
air from VOCs being released from the sediment. USEPA’s SCREEN model, developed by the Office of Air 
Quality Planning and Standards was used to do the dispersion modeling. For all scenarios the emission source was 
assumed to be level with the ground surface. This is a conservative assumption which maximizes the modeled 

The flux rates from N(s) were input into a dispersion model to estimate the chemical concentration in the 
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chemical air concentrations, since the CDF is surrounded by a dike which effectively raises the emission source 
above the ground surface. In Table 7, the column labeled “Onsite Modeled Conc.” provides the modeled air 
concentration, to which workers directly involved in managing the sediment within the CDF could be exposed to. 
In a l l  cases, these concentrations are substantially below the Occupational Safety and Health Administration’s 
(OSHA) Permissible Exposure Limit (PEL). 

,’ 

4.3 The column labeled “Max Modeled Conc. fiom emission source” provides the maximum chemical 
concentration in the air away fiom the emission source. This value occurs at a distance of approximately 20 m 
fiom the exposed sediment source. The receptor for this calculation was assumed to be at a vertical height of 1.6 m 
(5.3 f€). As noted above, the dredged material within the CDF is surrounded by a dike and access area which, at a 
minimum, would provide a space of 30 m to the fence line as shoivn in Figure 1. 
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Table 7 - Results of Odor Analysis 
Max Modelad Back- 
Conc. from Offsite ground 

Onrlte emmlsslon Modeled Conc. Odor 
Moddad rource Conc. (uglm3) S.E. Threshold 
Conc. (20131) (1OOm) rtudylS.W. (uglm3) In OSHWEL % of Tot.1 

Chemical M(A) (glmol) N(w) (err) N(s) (gk) N(t) (ah) (ug1mS) ' (ug1m3) (uglm3)' rtudf air ' (ug/m3)' CDF FIUX 

Acenaphthene 154.21 5.25E-05 8.95E-03 1.34E-03 
Acenaphthylene 152.21 5.86E-04 1.12E-02 2.34E-04 
Anthracene 178.23 3.87E-05 2.91E-05 7.68E-06 
Benzene 78.10 4.73E-05 1.82E-02 2.39E-03 476 14.3 4.9 4.4116.26 4,500 3,150 8.25% 
Benzo(a)anthracene 228.30 2.60E-05 1.27E-05 8.22E-09 
Benzo(a)pyrene 252.30 2.40E-05 1.60E-07 6.13E-11 
Benzo(b)fluoranthene 252.32 1.88E-05 2.2OE-04 6.25E-07 
Benzo(g,h,l)perylene 276.34 2.11E-06 5.77E-07 4.29E-10 
Benzo(k)fluoranthene 252.32 1.05E-05 4.90E-08 1.86E-11 
bis(2-Ethylhexyl)phthalate 390.56 5.09E-05 1.46E-07 1.25E-10 
Butanone-2 
Chloromethane 
Chrysene 228.20 2.08E-05 1.05E-07 4.44E-11 
DI-noctylphthaiate 390.58 6.29E-07 5.53E-07 1.72E-08 
Dibenzofuran 222.00 7.12E-05 8.04E-03 5.69E-04 
Ethylbenzene 106.20 6.65E-08 1.92E-03 3.68E-04 
Fiuoranthene 202.00 4.55E-05 4.28E-02 7.02E-03 
Fluorene 166.00 1.05E-04 2.09E43 3.35E-05 
rnpXylenes 106.16 7.18E-05 1.90E-02 3.58E-03 497 14.9 5.1 18.79 348 433,300' 8.60% 
Methylnaphthalene-2 142.19 5.31E-04 7.24E-03 1.19E-04 
Naphthalene 128.20 6.23E-04 4.76E-02 1 S3E-03 1244 37.4 12.8 199 52,300 21.55% 
o-Xylene 106.20 2.65E-05 6.06E-03 8.49E-04 158 4.8 1.6 18.79 348 433,300' 2.75% 
Phenanthrene 178.22 8.32E-05 1 SOE-02 1.26E-03 
Pyrene 202.30 3.96E-05 1.07E-06 5.44E-10 
Styrene 104.20 3.85E-05 6.07E-03 6.78E-04 159 4.8 1 .B -12.13 638 212,500 2.75% 

'Ozone 48 2.60E-03 2.21E-01 2.43E-02 NA NA 60 ' O 8 4  - 109 lo00 1 97 
Toluene 92.40 7.97E-05 2.65E-02 4.27E-03 692 20.8 7.1 10.23l- 641 377.1 00 11.94% 

I, total 55.84% 

This value Is based on the minimium distance(1 m) that the SCREEN model can provide an air concentratlon. It Q representative of the exposure to workers within the CDF. 
This value b based on a 1.6 m high receptor. The value b the maximiurn air concentration whkh occurs at a distance of 20 m from the emlsslon slte (CDF interior). ' This column provides the air concentration at 100 m from the edge of the dredged material. 
' Average of reported values in (USEPA, 1989) and (USEPA,l993). ' Lowest value from either (USEPA, 19926) or (ASTM, 1978) 
'OSHA permissible Exposure Limit (PEL) time weighted average (8 hr. work shift. 40 hr. week). ' This data point Is for Xylenes and Styrenes combined. 

Value Is bawd on Xylene mixture (Ortho-, Meta-, Para-). 
Flw rates for Ozone are based on the sumation of all the parameters In the table. Since Ozone b formed In the upper atmosphere the Rml two columns are not applicable (NA). 
The modeled concentration at 100 m , wld also not actually occur, but Is provided to show that Y fomutkn d ozone could occur at thb rlevrtlon, It wld be within background concenhtiom wlthln 100 

lo Range Is for the atithmetk mean for yean 1889-lgS4. Source h IDEM Alr Quality Subsystem lnvrmtoly Report, lake County. 
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Figure 1 - CDF Cross Section 

Edge of Emission Source 

Medium dense Sand 

stii to very stiff clay 

Fence line 

Slurry Wall 

NOTE: 
FIGURE IS NOTTO S C W  
AND DOES NOT SHOW ALL 
PROJECT DETAILS 

* 

4.4 The column labeled “Offsite Modeled Conc.” provides the ground level (worst case) chemical air 
concentration at a distance of 100 m from the dredged material. It can be seen that at this distance the influence 
of the VOC emissions from the sediment cannot be distinguished from background conditions for the data shown. 

i 

4.5 Finally, the emissions analysis indicates that the odor threshold for Xylene, Naphthalene, and Toluene, 
may be exceeded within the interior of the CDF, however by a distance of 20 m (within the minimum distance to 
the fence line) the odor thresholds are not exceeded for any of the chemical compounds. 
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INDIANA HARBOR 
CONFINED DISPOSAL FACILITY 

EAST CHICAGO, INDIANA 

APPENDIX w 
REAL ESTATE SUPPLEMENT 

INTRODUCTION 

This Real Estate Supplement describes the overall real 
estate requirements for the Indiana Harbor Confined Disposal 
Facility . 

PROJECT NABE 

1. The project is the Indiana Harbor Confined Disposal Facility 
as shown in the enclosed mapping (See Exhibit A ) .  

LOCAT I ON 

2. Indiana Harbor and Canal (IHC) is an authorized Federal 
navigation project located in East Chicago, Indiana. Project 
features include breakwaters at the harbor entrance and a deep 
water draft navigation channel. The bottom sediments in the IHC 
are contaminated and not suitable for open water disposal in Lake 
Michigan, nor are they suitable for unconfined upland disposal or 
beneficial use. Consequently, dredging to maintain adequate 
navigation depths has not been conducted at this harbor since 
1972 due to the lack of an approved economically feasible and 
environmentally acceptable disposal facility for dredged 
materials from the IHC. 

FINAL FEASIBILITY REPORT APPROVAL 

3. In 1975, the Chicago District began to formulate an 
economically feasible and environmentally acceptable plan for 
disposal of dredged material from the IHC. On December 7, 1992 
the District presented a briefing to representatives of the 
Headquarters, U.S. Army Corps of Engineers (HQUSACE), on the 
results of the plan formulation at that time. The HQUSACE 
subsequently recommended that the Chicago District submit a draft 
Comprehensive Management Plan (CMP) Report on the IHC dredged 
material disposal issue as a decision document. 
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On May 17, 1993, the District Engineer briefed the Acting 
Assistant Secretary of the A m y  for Civil Works (ASA) ( C W ) .  In a 
memorandum to the Director of Civil Works, dated May 21, 1993, 
the Acting ASA ( C W )  provided further guidance regarding 
preparation of this CMP Report, primarily concerning Resource 
Conservation and Recovery Act (RCRA) liability and cost sharing 
issues. 

A draft CMP Report, dated June 1993, was prepared in 
response to the Acting ASA (CW) and HQUSACE guidance. A revised 
draft CMP report was prepared in response to the guidance 
provided in CECW-LM memorandum, December 20, 1993. 

The cost sharing for CDF construction was revised to reflect 
legislation contained in the Water Resources Development Act 
(WRDA) of 1996. Section 201 of WRDA 96 provides that dredged 
material disposal facilities associated with the construction, 
operation and maintenance of Federal navigation projects shall be 
considered general navigation features and cost shared in 
accordance with Title I of WRDA 86. Under section 101 (a) cost 
sharing, the non-Federal sponsor would pay during construction 25 
percent of the cost of disposal facility for a project with 
depths greater than 20 feet but not greater than 45 feet. The 
non-Federal sponsor would also have to pay an additional 10 
percent of the cost of the disposal facility over a period not to 
exceed 30 years but with the value of lands, easements, rights- 
of-way and relocations credited against this additional 10 
percent payment. 

DESCRIPTION 

GENERAL DESCRIPTION OF THE AREA 

4 .  Indiana Harbor is located in East Chicago, Lake County, 
Indiana. It is on the Southwest shore of Lake Michigan, 4 1/2 
miles east of the Illinois-Indiana State line and 17 miles from 
downtown Chicago. The site is located in an industrial area. 
The nearest housing development is over 1/2 mile from the site. 
(See Exhibits C and D) 

TOTAL ACREAGE TO BE ACQUIRsD 

5. Total land requirements for the Confined Disposal Facility 
are 208.36 acres. This parcel is currently owned in Fee by the 
Non-Federal Sponsor, the Indiana Harbor and Ship Canal Waterway 
Management District. A railroad spur passing through the site 
must be relocated. This relocation is further discussed in 
Paragraph 13. No Federally owned lands are involved in this 
project; however, navigational servitude will be invoked for the 



dredging portion of this project. Preliminary estimates are that 
up to 2 1/2 million cubic yards of clay will be required for the 
project. We have not identified a borrow site for this project 
but are aware of a number of clay sources in the area. (See map 
of CDF labeled figure 25, Exhibit A.) (Also see map of potential 
Borrow sites in relation to the proposed CDF, Exhibit E.) 
Engineering Division is exploring requiring the contractor to 
provide the needed borrow material and is considering using fly- 
ash in lieu of clay as a for much of the liner. Their opinion is 
that a borrow site will not be required and that one or both 
other alternatives will be used. 

PUBLIC LAW 91-646 RELOCATIONS 

6. No Public Law 91-646 relocations are required for this 
pro j ect . 

NON-FEDERAL SPONSOR CAPABILITIES 

7. The non-Federal Sponsor for this project is the East Chicago 
Waterway Management District. There is only one tract required 
for this project which the non-Federal Sponsor already owns in 
fee. For this reason, the Real Estate Acquisition Capabilities 
Assessment was abbreviated to address the pertinent questions. 

I. Legal Authority: 

a. Does the Sponsor have legal authority to acquire 
and hold title to real property for project purposes? Yes. 

b. Does the Sponsor have power of eminent domain for 
the project? No. 

c. Does the Sponsor have "quick take" authority for 
this project? No 

d. Are any the lands/interests in land required for 
the project located outside of the Sponsorls political boundary? 
No. 

e. Are any of the lands/interests required for the 
project owned by an entity whose property the Sponsor cannot 
condemn? Yes, the offshore dredging area is owned by the state 
of Indiana; however, Navigational Servitude of the United States 
is invoked for obtaining the rights for this temporary work area. 

f. Will the Sponsor likely request USACE assistance in 
acquiring real estate? Yes, the Sponsor has no condemnation 
powers under its statutory authorities and, unless subsequently 
obtained, will request that the Federal government perform a 
friendly condemnation suggested by the railroad. All other CDF 
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lands are already owned in fee by the non-Federal Sponsor, 
including lands to be provided for the railroad relocation. 
Navigation Servitudes will be asserted for the dredging 
operations. 

g. Will the Sponsor's staff be located within 
reasonable proximity to the project site? Yes. 

h. Has the Sponsor approved the project/real estate 
schedule/milestones? Yes. 

i. With regard to this project, the Sponsor is 
anticipated to be: Fully capable. 

11. Coordination: 

a. Has this assessment been coordinated with the 
Sponsor? Yes 

b. Does the Sponsor concur with this assessment? Yes 

BASELINE COST E S T I m T E  

8. An appraisal has not been prepared for the real estate for two 
reasons. First, the site is not marketable and therefore has no 
value. USEPA has determined that the site cannot be used for any 
purpose until closure and corrective action is completed. 
Closure will not take place at the time the non-Federal sponsor 
issues a right of entry for construction, but rather, after the 
CDF is capped. Secondly, the sponsor understands and concurs in 
this determination. A confirmation letter has been sent to the 
sponsor summarizing that understanding. 

The proposed site was formerly owned by Energy Cooperative, 
Inc.(ECI). This site was a former oil refinery which was 
demolished in the 1980's. The refinery operations included the 
production of mineral spirits, propane, unleaded gasoline, fuel 
oil, kerosene, asphalt, grease, lubricating oils, paraffin wax, 
phenols, and sulfur. Additional investigation in 1990, 
including discussions with the U.S. EPA and the State of Indiana, 
indicated that the oil refinery structures on the site had been 
removed above the ground surface. However, there were facilities 
below ground level which had not been removed, including two 
structures which come under regulatory authority of the Resources 
Conservation and Recovery Act (RCRA). The site currently has an 
open RCRA status and is not available for use until corrective 
action and closure is completed. The U.S. EPA has determined 
that cleanup is not an economically viable alternative. 

Based on a September 10, 1998 letter from the Assistant Secretary 
of the Army (Civil Works), all site development features, 
including RCRA features will be treated as dredged material 
disposal features and cost shared in accordance with Section 201 
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of WRDA 1996. Until that guidance was received, it was assumed 
that the non-Federal Sponsor would be solely responsible for the 
estimated cost of the closure. 

There has been no value included in the Real Estate portion of 
the baseline cost estimate for a potential borrow site for two 
reasons. First, it is anticipated that acquisition of a borrow 
site will not be required. Secondly, the Construction Estimate 
includes a value of $l2/cubic yard for material to be provided by 
the contractor. Based on our historical experience, this amount 
will far exceed the cost of either acquiring a borrow site or 
using fly-ash as a filler. As a result of these considerations, 
only administrative costs have been included in the estimates. 
(See exhibit B). 

PROJECT AREA MAP AND ADDITIONAL SITE CONSIDERATIONS 

9. See exhibits A, C, and D attached. The proposed ECI Confined 
Disposal Facility is located on lands which have open RCRA 
status. Approximately the south 400 feet of the ECI site (also 
known as parcel I) previously housed the RCRA hazardous waste 
units. These structures were razed along with the above ground 
structures, but were never closed in conformance with RCRA 
regulations. Proposals for closure of the RCRA hazardous waste 
units in the State of Indiana must be approved by Indiana 
Department of Environmental Management (IDEM). Due to the 
ubiquitous nature of the on-site contamination on this parcel, 
IDEM determined that closure in place would be most appropriate 
for the area 
units. The in-situ closure design of parcel I would include a 
slurry wall, a gradient control system consisting of groundwater 
extraction wells, which would maintain groundwater flow into this 
portion of the CDF, and an overlaying three foot compacted clay 
cap. The U.S. EPA has determined that construction of these 
components would address the corrective action requirements for 
parcel I as well as parcels IIA and IIB. These RCRA closure and 
corrective action components have been incorporated into the 
proposed CDF design. 

which previously housed the hazardous waste 

MINE= ACTIVITY IN THE VICINITY OF THE PROJECT 

10. No mineral extraction activities are operating on or near 
the project lands. No extractable minerals are known to exi-st 
within the project lands. 

PROPOSED NON-STANDARD ESTATES AND JUSTIFICATION 

11. No non-standard estates are contemplated for this project. 
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SCHEDULE OF ACQUISITION ACTIVITIES 

12. All lands required for the project are owned by the 
Non-Federal Sponsor except for the offshore dredging areas as 
previously discussed, which will be covered by the Navigational 
Servitude. A borrow easement will be required if the current 
engineering decision to require contractors to obtain their own 
borrow material as part of the contract bid is changed. 
Rights-of-Entry and Attorney Certifications will be completed 
within one month of execution of the Project Cooperation 
Agreement. 
prior to constructing the facility and may take six months to 
complete through condemnation. 

The 

The relocation of the railroad must be accomplished 

UTILITIES AND FACILITIES RELOCATIONS 

13. A railroad spur bisecting the site will require relocation 
in kind to the northern boundary of the site. 
negotiations with the railroad, CSX, indicate legal problems 
exist between themselves and the State of Indiana regarding 
railroad rights-of-way. They suggested a "friendly condemnation" 
as the quickest way to resolve this problem. The non-Federal 
Sponsor is expected to request that the Corps of Engineers 
conduct the condemnation proceedings in their behalf and 
understands that this is a local responsibility. However, the 
Sponsor has no condemnation powers. They intend to enter into a 
Memorandum of Agreement with the Government and fund all 
activities associated with this work in advance. Conversations 
with CSX indicate that the rail spur is active, supporting 
several steel mills and an Amoco refinery and that they have no 
intention of abandoning the line. A preliminary relocation plan 
has been reviewed and approved by CSX. We have dealt with CSX in 
the past and know that this track has been in service for a long 
period of time. Our preliminary assessment is that the railroad 
has a compensable interest and a valid existing easement. An 
Attorney Opinion of Compensability is being completed to confirm 
the interest of the railroad. 

Preliminary 

ATTITUDE OF LANDOPQNERS 

14. The non-federal Sponsor is most anxious to initiate this 
project since no dredging activity has been conducted in the 
harbor since 1972. The sediment accumulation prevents ships from 
carrying full loads in the harbor and the canal; thus, creating 
an adverse economic impact to deep-draft navigation. 

HTRW AND LIABILITY 

15. Appendix R contains an analysis of HTRW materials located at 
the site, which is presently owned in fee by the non-Federal 
Sponsor. The primary Potentially Responsible Party, the previous 
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owner ECI declared Chapter 7 bankruptcy and is no longer in 

extent in corrective action. Proceeds from the bankruptcy 
totaling $13.22 million were set aside for closure and 
corrective action in a trust fund which is controlled by the non- 
Federal Sponsor as trustee. 

i existence. ARCO, a previous owner, has participated to a limited 

A risk analysis was performed concerning the construction of the 
site (See CMP Pages 129-130). Since the dredge material, also 
containing contaminants, will be interspersed with the on-site 
contaminants, further liability under RCRA by the previous owners 
is unlikely, and CERCLA exposures for releases is less likely, 
given the design of the CDF. Since USACE will be operating the 
CDF until capped and will participate in monitoring after the 
capping, USACE will be exposed to liability for any releases 
under RCRA but will rely on the indemnification and cleanup 
responsibilities of the non-Federal Sponsor pursuant to the PCA. 
In addition to the trust fund, the Sponsor may, without 
limitation, seek funding from the State of Indiana. 
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($1 ($) (% ($) ($1 ($1 
01 A Project Planning M/D 25 632 15800 3160 20.00% 18960 0 18960 

01 B Acquisitions 
01 82 By LS Tract 0 0 20.00% 0 0 0 
01 84 Review of LS M/D 0 0 10.00% 0 0 0 

01 c Condemnations 
18000 18000 0 01 c 2  By LS Tract 1 15000 15000 3000 20.00% 

01 c 4  Review of LS M/D 5 632 31 60 316 10.00% 3476 0 3476 

01 D lnleasing 
01 D2 By LS Tract 0 0 10.00% 0 0 0 
01 0 4  Review of LS M/D 0 0 10.00% 0 0 0 

01 E Appraisals 
01 E2 By Govt (Contract) Each 0 0 10.00% 0 0 0 
01 E3 ByLS EACH 0 0 10.00% 0 0 0 
01 E5 Review of LS M/D 0 0 10.00% 0 0 0 

01 F2 By LS Tract 0 0 10.00% 0 0 0 
01 F4 Review of LS M/D 0 0 10.00% 0 0 0 

01 F PL 91 -646 Assistance 

01 G Temporary Permits 
01 G2 ByLS Each 2 600 1200 120 10.00% 1320 1320 0 
01 G4 Review of LS M/D 2 450 900 90 10.00% 990 0 
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By LS Each 0 0 20.00% 
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